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PREFACE 

This  paper  was  prepared  by  the  Institute  for  Defense  Analyses 
for  the  Federal  Emergency  Management  Agency  under  Contract  EMW- 
C-0377  (Work  Unit  41120)  issued  August  1930. 

The  research  conducted  under  this  contract  deals  with  an 
assessment  of  fallout  deposition  resulting  from  two  different 
types  of  attacks  on  the  continental  United  States  (counterforce- 
only  and  counterforce  plus  countervalue)  given  twelve  typical 
wind  patterns — one  for  each  month  of  the  year.  Representations 
of  fallout  deposition  are  given  in  two  categories — one  accenting 
higher  dose  ranges  to  indicate  shelter  requirements  and  the  other 
accenting  lower  dose  ranges  to  present  the  complete  spectrum  of 
the  fallout  threat. 

The  research  is  reported  in  descriptive  presentation  of 
the  model,  the  winds,  the  attack,  and  the  results.  Appendices 
present  the  fallout  deposition  maps. 

The  research  was  scheduled  for  completion  and  publication 
as  the  contract  deliverable  on  15  Spetember  1981.  This  paper 
is  issued  in  fulfillment  of  the  contract. 
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FOREWORD 

This  paper  was  prepared  by  the  Institute  for  Defense  Analyses 
under  Contract  EMW-C-0377  (Work  Unit  4112C)  for  the  Federal 
Emergency  Management  Agency.  The  author  wishes  to  express  his 
appreciation  to  Mr.  James  Jacobs,  Project  Officer  for  this 
Contract,  for  his  assistance  and  suggestions. 
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SUMMARY 


A.  THE  BASIC  FALLOUT  CALCULATIONS 

This  report  presents  a  set  of  maps  drawn  from  results  of 
calculations  of  fallout  deposition  as  a  result  of  two  attacks 
on  the  continental  United  States--a  counterforce-only  attack 
and  a  counterforce  plus  countervalue  attack.  These  maps  are 
drawn  for  twelve  typical  wind  patterns — one  representing  each 
month  of  the  year.  Two  types  of  representations  of  the  fallout 
deposition  are  presented,  one  accenting  higher  dose  ranges  to 
indicate,  shelter  requirements  and  the  other  accenting  lower 
dose  ranges  to  present  the  complete  spectrum  of  the  fallout 
threat.  The  principal  outputs  of  the  study  are  these  fallout 
deposition  maps  (in  Appendices  A  through  D);  their  persual  is 
recommended  to  see  how  the  fallout  threat  varies  with  the  type 
of  attack  and  the  winds. 

The  fallout  model  used  in  the  predictions  is  the  WSEG-10 
fallout  model.  This  model  has  remained  in  its  present  form 
for  about  two  decades  and  is  used  extensively  for  fallout  pre¬ 
dictions.  A  computer  program  called  GUISTO,  developed  for  PEMA, 
drives  the  WSEG-10  model  under  appropriate  attack  and  wind  con¬ 
ditions  to  produce  the  data  files  from  which  the  fallout  maps 
are  generated.  The  winds  are  twelve  historical  winds,  one 
selected  from  each  month  to  give  patterns  typical  of  those 
particular  months.  The  counterforce  attack  is  2,570  megatons 
and  is  directed  principally  against  missile  silos.  The  full 
attack  consists  of  6,5^1  megatons — the  counterforce  attack  plus 
additional  weapons  directed  primarily  against  urban-industrial 
targets.  It  was  developed  by  FEMA  to  assist  in  their  crisis 
relocation  planning. 


S-l 


B.  THE  MODEL 


The  WSEG-10  model  computes  a  radiation  dose  as  a  function  of 
yield,  fission  fraction,  height  of  burst  (always  taken  as  zero  in 
this  study),  effective  fallout  wind  speed,  effective  fallout  wind 
shear,  downwind  distance,  and  crosswind  distance.  The  model  pre¬ 
dicts  either  an  H+l  hour  dose  rate  or  an  "effective  maximum  bio¬ 
logical  dose."  It  is  the  latter  quantity  which  is  used  exclusively 
in  this  study. 

The  area  covered  from  a  single  weapon  at  various  dose  levels 
was  determined  for  a  variety  of  wind  conditions.  The  area  varies 
drastically  as  a  function  of  dose  level.  The  area  coverage  does 
not  vary  in  any  simple  way  with  dose  level;  however,  the  area  times 
dose  level  as  a  function  of  dose  level  approximates  a  log  normal 
distribution. 

To  study  the  variation  of  area  coverage  with  the  wind,  a  set 
of  contours  of  constant  area  coverage  at  a  particular  dose  level 
as  a  funtion  of  wind  speed  and  wind  shear  was  developed.  At  low 
dose  levels,  increasing  either  wind  speed  or  wind  shear  (i.e., 
moving  outward  from  the  origin)  increases  area  coverage,  whereas 
at  high  dose  levels,  just  the  opposite  effect  occurs.  At  inter¬ 
mediate  dose  levels,  ridges  of  higher  area  coverage  are  seen  at 
intermediate  wind  values,  sloping  to  lower  levels  at  more  extreme 
values . 

If  coverage  is  presented  as  a  function  of  dose  divided  by 
total  fission  yield,  only  a  relatively  small  sensitivity  to  yield 
is  observed  with  the  coverage  decreasing  with  yield  especially  at 
high  dose  levels. 

Pattern  shapes  are  presented  for  a  variety  of  conditions  which 
appear  as  ellipses  (somewhat  flattened  downwind)  with  the  bomb  lo¬ 
cation  near  the  upwind  edge  of  the  ellipse.  The  shape  does  not 
vary  strongly  with  dose  level  over  an  appreciable  range  of  levels. 
As  a  rough  approximation  the  ratio  may  be  taken  to  vai y  directly 
with  wind  speed  and  inversely  with  wind  sheer. 
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Finally,  pattern  shapes  for  a  cluster  of  nearby  weapons, 
such  as  would  be  obtained  from  an  attack  on  a  missile  field, 
show  a  widening  from  an  ellipse  near  the  upwind  section  but  a 
much  smaller  dependence  on  wind  shear. 

The  fallout  maps  in  the  Appendices  present  examples  of  all 
of  these  effects. 

C.  THE  WINDS 

The  winds  used  in  this  study  for  the  fallout  maps  are 
"effective  fallout  winds;"  these  are  real  winds  averaged  over 
several  altitudes  through  which  a  "typical"  fallout  particle 
falls.  Such  winds  may  show  somewhat  different  properties  than 
actual  winds. 

The  mean  wind  speed  averaged  over  all  parts  of  the  country 
and  over. all  12  monthly  winds  was  40  mph,  and  the  mean  wind 
shear  was  0.126  mph/kilofoot .  There  was  only  a  small  correlation 
(0.12)  between  wind  speed  and  wind  shear.  The  wind  speed  dis¬ 
tribution  was  close  to  a  normal  distribution  over  its  mid  range. 
The  wind  shear  distribution  was  close  to  half  of  a  normal  dis¬ 
tribution,  where  the  mean  value  of  the  distribution  was  zero. 

Wind  speeds  and  angles  can  be  approximately  represented  as 
the  sum  of  a  mean  wind  vector  which  points  Eastward  and  a  random 
wind  vector  which  has  a  circular  normal  distribution. 

Considerable  variation  in  wind  statistics  is  found  for  dif¬ 
ferent  seasons  of  the  year  and  different  sections  of  the  country. 
In  particular,  mean  wind  speeds  for  winter  months  are  a  factor 
of  two  larger  than  for  summer  months.  This  would  imply  that  the 
ratio  of  pattern  length  to  width  is  twice  as  great  in  summer  as 
in  winter. 

D.  THE  ATTACK 

The  counterforce  attack  consists  primarily  of  an  attack  on 
nine  missile  fields  in  the  Western  and  We st  Central  part  of  the 
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United  States.  The  full  attack  adds  clusters  of  weapons  ^n  major 
urban  areas  plus  an  appreciable  number  of  weapons  scattered 
throughout  the  country.  For  assessing  risk  for  blast  damage  where 
effects  are  relatively  localized,  the  precise  weapon  locations 
are  needed,  whereas  for  estimating  the  fallout  risk,  a  means  of 
defocusing  the  weapon  locations  is  desired.  A  "weapon  density" 
was  defined  for  a  monitor  point  as  the  sum  of  yields  of  weapons 
about  a  monitor  point  times  a  distance  weighting  factor  which 
decreased  with  distance  from  the  monitor  point.  When  contours  of 
constant  weapon  density  are  drawn  for  the  counterforce-only  attack 
(see  Figure  IV-8),  a  peak,  in  weapon  density  is  seen  covering  the 
Colorado  to  North  Dakota  missile  fields  which  slopes  downwind 
to  low  values  in  each  direction.  For  the  full  attack  (see 
Figure  IV-7),  to  this  peak  is  added  another  peak  centered  in 
the  Washington-New  York  corridor  with  a  ridge  extending  Westward. 

Since  the  prevailing  winds  are  West  to  East,  a  modification 
of  the  weapon  density  calculation  emphasizing  upwind  weapons 
should'  better  indicate  fallout  risk.  A  weapon  density  was  computed 
which  has  the  distance  weighting  factor  constant  on  an  ellipse 
which  has  its  downwind  focus  at  a  monitor  point.  With  an  ellipse 
with  semi  major  axis  200  miles  and  semi  minor  axis  100  miles 
(see  Figure  IV-9),  weapon  density  contours  were  obtained  which 
had  marked  similarity  to  the  observed  mean  fallout  dose,  i.e., 
those  averaged  over  all  twelve  months.  Decreasing  the  semi  minor 
axis  to  40  miles  (see  Figures  IV-13  and  IV-14)  gave  results 
which  are  similar  in  appearance  to  fallout  deposition  contours 
from  a  single  wind. 

E.  RESULTS 

The  fallout  deposition  maps  in  the  Appendices  present  directly 
the  results  of  the  calculations.  The  mean  doses  averaged  for  all 
attacks  (see  Figures  V-3  and  V-4)  show  rather  smooth  general  con¬ 
tours.  A  number  of  hot  spots,  of  dimension  of  one  to  several 


hundred  miles  across,  are  seen  in  areas  where  a  large  number  of 
weapons  are  concentrated. 

The  doses  in  a  particular  locality  can  vary  over  wide  ranges 
for  different  winds .  Histograms  for  the  counterforce-only 
attack  (see  Figure  V-4)  show  only  a  small  chance  of  significant 
doses  for  most  of  the  country.  However,  in  some  locations  there 
is  only  a  low  chance  of  an  insignificant  dose,  with  the  chances 
of  being  in  low,  medium  or  high  ranges  are  rather  uniformly  spread. 
For  the  full  attack  (Figure  V-5),  the  histograms  show  much  smaller 
sections  of  the  country  with  low  chance  of  significant  fallout, 
while  much  of  the  country  shows  the  rather  uniformly  spread  chances 
of  low,  medium  or  high  doses. 

F.  RECOMMENDATIONS 

This  report  has  concentrated  exclusively  on  describing  the 
fallout  threat.  It  is  appropriate  at  this  point  to  hypothesize 
implications  for  countermeasures  to  this  threat.  These  recommen¬ 
dations  should  be  placed  in  context  by  recalling  first  that  the 
relation  between  blast-devastated  areas  and  fallout-infected 
areas  is  not  explicitly  considered,  and  second  that  procedural 
or  cost  limitations  may  impede  following  up  some  of  these  recom¬ 
mendations  . 

1 .  PI anni ng 

For  counterforce  attacks,  the  primary  threats  are  the 
downwind  tails  of  attacks  on  missile  fields  which  usually 
extend  over  an  angle  within  45  degrees  from  the  East.  The 
high  intensity  region  of  the  tails  are  about  40  to  80  miles 
wide  and  extend  downwind  for  close  to  1,000  miles.  A 
number  of  missile  fields  are  located  significantly  close  together 
so  that  for  many  attacks  the  tails  merge  in  the  crosswind 
direction.  In  those  areas  behind  several  adjacent  missile  fields, 


a  high  level  of  fallout  protection  (a  protection  factor  of  40 
or  greater)  is  required  to  achieve  a  moderate  chance  of  surviving 
an  attack.  Further  downwind  the  chances  of  any  significant  dose 
are  less  and  the  doses  received  are  of  less  intensity.  If  high 
quality  shelter  is  to  be  Installed,  it  should  be  nearer  the 
missile  site  where  the  chance  of  need  is  greater.  If  lower 
quality  shelter  is  installed,  it  should  be  done  further  away 
where  it  is  more  likely  to  be  adequate. 

The  Eastern  section  of  the  country  generally  has  only  a  low 
chance  of  insignificant  risk  for  a  full  attack  and  often  high 
quality  shelter  is  required.  Especially  along  and  east  of  the 
Washington-Boston  corridor  a  very  high  quality  shelter  is  required 

Most  sections  of  the  country  and  usually  all  of  the  East  is 
covered  with  at  least  some  levels  of  fallout  (see  Appendix  B). 

Even  if  the  levels  are  not  high  enough  for  Immediate  sickness  or 
lethal  effects,  they  are  almost  always  high  enough  to  give  an 
appreciable  radiation  burden  which  could  have  significant  long 
term  effects. 

2.  Operations 

A  great  amount  of  detail  is  not  seen  in  the  fallout  patterns; 
effects  occur  over  tens  of  miles  rather  than  a  few  miles.  (The 
patterns  shown  are  averages  over  ten  miles  square,  but  only  in 
the  near  vicinity  of  explosion  would  a  higher  resolution  be 
appropriate.)  Thus  the  general  level  of  radiation  observed  at 
a  local  observation  post  should  apply  over  an  appreciable  area. 

For  many  areas,  detailed  monitoring  of  individual  weapon  fallout 
patterns  will  not  appreciably  help  in  overall  fallout  prediction. 

The  above  comments  ignore  the  problem  of  hot  spots,  which 
might  arise  from  individual  weapon  explosion,1  details  of  surface 
wind  patterns,  terrain  and  cultural  features.  After  assessing 


1 

The  WSEG-10  model  does  not  attempt  to  predict  hot  spots. 
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the  general  background  levels,  the  prime  question  in  local  radia¬ 
tion  level  determination  should  be  the  location  of  hot  spots. 
These  may  range  in  size  from  a  few  feet  to  tens  of  miles,  and 
these  locations  are  often  determined  by  random  factors. 

The  fallout  maps  seem  sensitive  only  to  very  gross  scale 
features,  extending  over  most  of  the  continent.  This  gives  rise 
to  the  hope  that  such  gross  features  may  tend  to  be  reasonably 
enduring  so  that  pre-attack  predictions  of  such  fallout  patterns 
may  be  held  reasonably  accurate. 
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Chapter  I 
INTRODUCTION 

This  study  deals  with  the  problem  of  providing  protec¬ 
tion  against  radioactive  fallout  resulting  from  nuclear  weapon 
detonations — a  major  element  of  Civil  Defense  programs.  Plan¬ 
ning  such  programs  is  made  more  difficult  because  of  the 
uncertainty  associated  with  nuclear  attack  as  well  as  the 
daily  variability  in  the  winds  which  transport  the  radioactive 
material.  The  purpose  of  this  study  is  to  illustrate  the 
range  of  variability  from  these  uncertainties  by  presenting 
nationwide  maps  of  fallout  deposition  from  two  different 
attacks  and  a  set  of  twelve  different  winds.  .These  maps  are 
presented  in  four  appendicies  as  the  principal  output  of  this 
study. 

The  basic  attack  used  is  the  current  "Crisis  Relocation 
Planning  Attack"  developed  by  FEMA;  it  uses  a  SALT  II  compat¬ 
ible  Soviet  Union  inventory  of  weapons.  For  Attack  A,  all 
weapons  are  surface  burst  to  produce  a  representation  of  the 
maximum  fallout  threat  which  might  be  expected.  For  Attack  B, 
only  those  weapons  against  time-urgent  strategic  targets  are 
used.  This  produces  a  threat  representative  of  a  counter¬ 
force-only  attack,  or  an  attack  where  most  weapons  are  air 
burst . 

A  set  of  12  historical  winds  are  used,  one  for  each  month 
of  the  year.  These  winds  might  be  considered  typical  of  the 
type  and  range  of  winds  to  be  expected  during  each  month  and 
throughout  the  year. 
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Chapters  II  through  V  are  descriptive  presentations  of 
the  model,  the  winds,  the  attack,  and  the  results,  respectively, 
appendices  A  and  E  present  Attack  A  with  a  dose  intensity  scale 
which  emphasizes  the  higher  intensities  (A)  and  the  lower 
intensities  (B);  Appendices  C  and  D  present  Attack  B  with  high 
intensity  dosage  (C)  and  low  intensity  dosage  (D).  Each  of 
the  48  plots  covers  the  entire  continental  United  States;  the 
plastic  overlay  may  be  used  to  Identify  specific  locations. 

We  believe  these  fallout  maps  will  enhance  the  readers'  judgment 
by  their  visual  presentation  of  representative  fallout  threats. 
We  recommend  that  a  reader  study  the  results  presented  in  the 
appendicies  first,  and  then  proceed  to  the  more  detailed 
chapters  as  interest  directs. 
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Chapter  II 
THE  MODEL 


A.  GENERAL  DESCRIPTION 

In  this  report  all  fallout  deposition  is  estimated  using 
the  WSEG-10  fallout  model  which  was  originally  defined  in 
1959  [Ref.  1]  .  Reference  2  documents  the  final  version  of 
the  model  after  modifications  were  made  to  better  represent 
fallout  deposition  near  ground  zero.  The  model  has  the 
advantage  of  being  able  to  produce  a  prediction  of  dose  from 
a  nuclear  weapon  for  given  values  of  downwind  distance  and 
crosswind  distance  in  a  relatively  short  time;  this  char¬ 
acteristic  makes  it  well  suited  for  use  in  damage  assessment 
models.  It  has  been  the  standard  model  used  in  a  large 
percentage  of  nationwide  damage  assessment  calculations, 
including  those  at  FEMA. 

The  WSEG-10  model  predicts  directly  the  H+l  dose  rate 
as  a  function  of  position,  that  is,  the  radiation  rate  one 
hour  after  the  detonation  of  all  fallout  which  will  eventually 
be  deposited  at  a  location.  A  biological  dose  is  defined  as  a 
peak  total  dose  received,  modified  by  biological  repair  rates. 

A  formula  in  the  WSEG-10  model  enables  converting  from  H+l  dose 
rate  to  biological  dose. 

Beside  the  downwind  distance,  x(miles),  and  crosswind 
distance,  y(miles),  to  the  weapon,  the  inputs  to  the  model 
are:  the  weapon  yield,  Y(MT),  the  weapon  fission  fraction, 

F,  the  height  of  burst,  HOB(feet),  an- effective  fallout  wind 
speed,  W(miles/hour ) ,  and  a  crosswind  shear,  S (miles/hr/kilo- 
foot).  For  a  surface  burst,  the  total  amount  of  fission 
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deposited  is  proportional  to  the  product  of  the  weapon  yield 
and  the  fission  fraction.  For  an  air  burst  this  total  deposi¬ 
tion  is  reduced  by  some  fraction  of  the  burst  height.  The 
shape  of  this  deposition  pattern  is  determined  by  the  weapon 
yield,  wind  speed  and  wind  shear.  The  effective  fallout  wind 
speed  is  obtained  by  averaging  winds  from  the  top  of  the  cloud 
to  the  ground.  The  wind  for  each  layer  is  weighted  by  the 
time  an  "average"  fallout  particle  stays  in  that  layer.  The 
crosswind  shear  is  the  rate  of  change  in  wind  speed  with 
height  at  the  "cloud  stabilization"  altitude  in  a  direction 
perpendicular  to  the  wind.  If  V  is  the  wind  speed  at  an 
altitude  h,  and  a  is  wind  direction  at  altitude  n,  and  a'  is 
the  wind  direction  at  altitude  h+Ah,  the  wind  shear  is  defined 
as  ( V | sin(a-a' ) | )/Ah. 

The  complete  formulation  of  the'  model  is  too  complex  to 
present  in  this  report;  it  is  given  in  [Refs.  2  and  3]. 


At  distances  reasonably  far  from  ground  zero  several 
simplifications  can  be  made  to  the  basic  model  without 
introducing  significant  error.  With  these  simplifications, 
Reference  3  gives  the  following  equation  for  biological  dose, 
Dg  (roentgens): 


DB 


KF 


2.71  W 
/2rrBT 


0.382 

"S 


exp(-x/WT) 


where  F  =  fission  yield  =  YF, 

K  =  normalization  factor  =  2x10^  '  Roentgens/hr /MT/ 
mile^ , 1 

lrThe  WSEG-10  model  is  designed  so  that  the  H+l  dose  rate  can  be  written  as 

DH+1  =  KF  f  (x)  g  (y) 

/°°  jCO 

f  (x)  dx  =  1  (almost)  and  f  g  (y)  dy  =  1. 

_  —  00  J 

Thus  K  represents  the  area  integral  of  the  total  radioactivity  deposited, 
normalized  to  radiat ion •  rates  at  one  hour,  which  is  independent  of  wind 
speed  and  wind  shear,  and  any  explicit  dependence  on  yield.  Since  the 
ratio  of  biological  dose  to  H+l  dose  rate  depends  on  deposition  time, 
this  normalization  does  not  apply  to  biological  dose. 
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B  =  7.5  +  1.5  log1Q  Y, 

T  =  characteristic  time  =  7.5  +  1.66  log^o  Y* 


The  last  exponent  represents  the  decay  crosswind.  The 

xBS 

coefficient  could  be  written  y/a  with  a  =  -rr  •  The  cross- 

c  c  w 

wind  spread  is  proportional  to  downwind  distance  and  shear 
and  is  inversely  proportional  to  wind. 

If  it  is  desired  to  compute  the  maximum  dose  at  some 
distance,  i.e.,  the  hotline  dose,  the  last  exponential  term 
is  equal  to  one  since  y=0.  To  determine  the  distance  at 
which  a  particular  hotline  dose  is  obtained  one  would  have  to 
solve  for  x  in 

eXp<'“  WT'>  /2ttBT  S'DB 

■x17W  "  =  "T77TTf  * 


Unfortunately  this  equation  must  be  solved  numerically  since 
no  explicit  representation  in  terms  of  elementary  functions 
is  possible.  We  can  see,  that  if 'for  example,  t<he  shear  is 
doubled  and  dose  halved,  the  hotline  distance  is  not  changed. 

The  1.382  power  enters  from  the  conversion  from  H+l  dose 
rate  to  biological  dose.  The  simplified  formula  for  H+l  dose 
rate  Is 


D 


H+l 


KF 

*2ttTBS 


exp(-x/WT) 

x 


Although  the  expression  for  x  is  now  somewhat  simpler,  still 
no  solution  in  terms  of  elementary  functions  is  possible. 

In  many  cases  in  the  attacks  used  (e.g.  over  missile 
fields  or  cities),  a  number  of  weapons  are  so  close  together 
that  there  patterns  effectively  merge  into  a  single  pattern. 
Although  in  the  actual  assessment  the  weapons  were  treated 
separately,  It  is  possible  to  estimate  the  effect  of  such  a 
cluster  by  approximate  methods.  As  discussed  in  Reference  3, 
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this  is  done  by  using  a  pseudo  standard  deviation  for  the 
crosswind  dose  distribution  obtained  from 


There,  a  is  the  standard  deviation  used  to  estimate 
*  cu 

cluster  effects,  a  is  the  usual  standard  deviation  calculated 
1  c 

in  the  WSEG-10  model,  and  a  is  the  standard  deviation  in  the 
crosswind  direction  of  the  fission  yield  from  the  weapons  in 
the  cluster. 

Since  it  is  necessary  to  resort  to  using  numerical 
methods  to  obtain  values  of  distance  to  a  certain  hotline  dose 
level  from  the  simplified  model,  it  is  almost  as  simple, 
numerically;  to  exercise  the  complete  model  to  obtain  descrip¬ 
tions  of  dosage  patterns.  A  simple  computer  program  was 
written  to  numerically  compute  certain  values  of  interest 
resulting  from  the  detonation  of  a  single  weapon.  The  cal¬ 
culations  were  restricted  to  the  yield  ranges  in  this  attack, 
i.e.  1  megaton  to  20  megatons.  The  results  are  described  below. 

B.  AREA  COVERED  AT  VARIOUS  DOSE  LEVELS 

The  fraction  of  the  country  subjected  to  radioactive  fall¬ 
out  will  depend  upon  the  area  covered  with  fallout  from  in¬ 
dividual  weapons.  This  section  will  present  the  results  of 
area  coverage  calculations  for  different  values  of  the  input 
parameters  influencing  the  model,  weapon  yield,  wind  speed 
and  wind  shear. 

The  results  will  be  presented  per  megaton  of  fission 
yield.  Thus  the  area  covered  in  the  figures  to  be  presented 
at  a  nominal  dose  of  10  Roentgens  for  a  one  megaton  weapon 
with  a  fission  fraction  of  1  represents  an  actual  dose  of  10 
Roentgens;  however,  for  a  1  megaton  weapon  with  a  fission 
fraction  of  0.5,  this  represents  an  actual  dose  level  of  5 
Roentgens,  and  for  a  20  megaton  weapon  with  a  fission  fraction 
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of  one,  this  represents  an  actual  dose  level  of  200  Roentgens. 
This  method  of  presentation  is  used  for  two  reasons:  first, 
the  area  as  a  function  of  dose  per  .megaton  of  fission  yield  is 
not  very  dependent  upon  weapon  yield;  second,  this  method  of 
presentation  assists  in  directly  estimating  the  variations 
due  to  different  amounts  of  weapon  yield  delivered  to  a 
target  area. 

Figure  II-l  presents  the  area  covered  by  at  least  a 
particular  dose  as  a  function  of  that  dose.  This  figure  is 
for  a  nominal  wind  of  20  mph  and  wind  shear  of  0.2  mph/kilo- 
foot .  This  graph  is  presented  on  linear  paper,  and  as  can 
be  seen,  three  scales  are  needed  to  adequately  represent  the 
areas  covered . 1 

In  Figure  II-2a  the  area  covered  is  presented  as  a  func¬ 
tion  of  dose  on  logarithmic  paper.  These  areas  are  presented 
for  a  20  mph  wind  and  a  variety  of  wind  shears.  As  will  be  seen 
in  Chapter  III,  values  of  wind  shear  from  about  0.0  to  0.4  are 
typical.  At  a  little  over  100  Roentgens  dose,  the  curves  all 
cross.  At  low  dose  levels,  high  values  of  wind  shear  spread 
the  patterns  and  give  larger  area  coverage.  This  is  com¬ 
pensated  for  at  high  dose  levels  where  the  reverse  pattern  is 
evident.  Here  less  area  is  covered  at  high  shear  values. 

This  occurs  because  at  high  shear  value  the  dose  is  spread 
crosswind  more  at  low  dose  levels,  and  since  the  total  amount 
of  radioactivity  to  spread  is  almost  constant,  there  isn't  as 
much  left  at  high  dose  levels. 

A  20  mph  wind  is  at  the  low  end  of  typical  wind  levels. 

In  Figure  II-2b,  areas  are  plotted  for  a  wind  speed  of  40  mph 
which  is  about  the  mean  wind  speed;  in  Figure  II-3  the  same 


*As  a  comparison,  the  area  of  the  Continental  United  States  is  about 
3,100,000  square  miles,  Texas  is  262,000  square  miles,  Illinois  is 
55,000  square  miles,  Maryland  is  9,900  square  miles,  Rhode  Island  is 
1,000  sauare  miles,  and  a  typical  county  is  100  square  miles. 
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AREA  COVERED  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT  YIELD  WITH 
A  20  MPH  WIND  AND  0.2  MPH/KILOFOOT  SHEAR. 
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Figure  1 1 - 2 a  . 


AREA  COVERED  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT 
YIELD  WITH  A  20  MPH  WIND  AND  VARIOUS  SHEARS. 
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Figure  1 1 - 3 .  AREA  COVERED  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT 
YIELD  WITH  A  80  MPH  WIND  AND  VARIOUS  SHEARS. 
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values  are  plotted  but  for  an  80  mph  wind,  which  is  near  the 
high  end  of  typical  values.  The  same  general  patterns  are 
seen,  with  the  high  wind  speeds  giving  larger  coverage  at  the 
lower  dose  levels. 

As  is  seen  in  Figures  II-2  and  II-3,  the  area  covered 
decreases  drastically  as  the  dose  is  increased.  The  product 
of  area  covered  times  dose  should  be  a  slower  varying  function 
of  the  dose.  This  product  is  illustrated  in  Figure  11-4  where, 
in  fact,  a  much  slower  variation  with  dose  is  seen;  in  fact, 
the  curves  appear  somewhat  like  a  normal  distribution  prob¬ 
ability-density  curve.  If  this  is  taken  to  be  the  case,  then 
an  approximate  expression  for  area  covered  as  a  function  of 
dose,  D,  would  be 

*  -  §  exp(-H  ln^/Dm>  )  , 

where  K,  Dm  and  a  would  depend  on  yield,  wind  speed  and  wind 
shear . 

In  order  to  illustrate  the  variations  of  area  with  wind 
speed  and  shear,  a  set  of  figures  are  presented  giving  area 
covered  as  a  function  of  wind  speed  for  different  shears,  all 
at  constant  dose  levels.  The  dose  levels  are  1,  3,  10,  30, 

100,  300,  1000  and  3000  Roentgens.  In  Figures  II-5a  to  II-5h 
these  areas  are  presented  for  a  1  megaton  weapon  with  a 
fission  fraction  of  one.  As  will  be  seen  later  in  the  report, 
the  maximum  value  of  wind  speed  and  shear  for  the  12  winds 
considered  are  118  mph  and  0.67  mph/kilofoot .  For  purposes 
of  illustration  of  the  trends,  values  in  these  figures  are 
carried  beyond  the  extreme  values. 

As  is  evident  in  the  figures,  at  low  dose  levels  the 
area  covered  increases  with  both  Increasing  wind  and  increasing 
shear.  This  is  to  be  expected  since  higher  winds  will  blow 
particles  farther  downwind  during  their  settling  time,  and 
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Figure  1 1  - 4 .  AREA  COVERED  TIMES  DOSE  AS  A  FUNCTION  OF  DOSE  FOR 
1  MT  YIELD  WITH  A  40  MPH  WIND  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  OF 
3  ROENTGENS  FOR  A  1  MT  YIELD  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  OF 
10  ROENTGENS  FOR  A  1  MT  YIELD  AND  VARIOUS  SHEARS. 
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REA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  OF 
0  ROENTGENS  FOR  A  1  MT  YIELD  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  OF 
100  ROENTGENS  FOR  A  1  MT  YIELD  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  LEVEL 
OF  300  ROENTGENS  FOR  A  .1  MT  YIELD  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  OF 
1000  ROENTGENS  FOR  A  1  MT  YIELD  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  OF 
3000  ROENTGENS  FOR  A  1  MT  YIELD  AND  VARIOUS  SHEARS 


higher  shear  will  spread  the  pattern  further  crosswind.  Since 
the  total  amount  of  radioactivity  is  constant,  it  is  to  be 
expected  that  this  spreading  at  low  dose  levels  will  be 
achieved  at  the  expense  of  the  area  covered  at  higher  dose 
levels.  Again,  an  inspection  of  the  figures  (e.g.  Figure  III- 
5g)  shows  this  to  be  the  case  (except  at  very  low  wind  speeds) 
where  either  increasing  wind  speed  or  shear  decreases  the  area 
covered.  At  very  low  wind  speeds,  an  increasing  wind  speed 
will  transport  the  entire  pattern  further  downwind  and  over¬ 
come  the  loss  to  lower  dose  levels. 

At  intermediate  dose  levels,  a  transition  occurs  between 
the  characteristic  patterns  seen  at  low  and  at  high  dose 
levels.  Here  the  curves  increase,  decrease  the  cross  each 
other  in  a  rather  complicated  faction.  As  was  seen  on 
Figure  II-3  for  an  80  mph  wind,  the  curves  for  all  different 
shear  values  cross  near  a  dose  of  about  37  Roentgens.  This 
is  reflected  in  Figure  II-5d  for  30  Roentgens  where  at  80  mph 
the  areas  for  a  variety  of  different  shear  levels  are  all 
nearly  the  same.  In  fact,  In  Figure  II-5d  it  can  be  seen  that 
for  a  considerable  range  In  wind  speeds,  the  areas  are  rather 
close  in  value  for  all  shears. 

Another  way  to  exhibit  the  variation  of  area  covered  Is 
to  plot  contours  of  constant  area  as  functions  of  wind  speed 
and  wind  shear.  This  is  done  in  Figures  II-6a  through  II-6h 
for  dose  levels  of  1,  3,  10,  30,  100,  300,  1000  and  3000 
Roentgens.  The  tendency  shown  in  the  previous  figures  for 
area  covered  at  low  dose  levels  to  Increase  with  both  Increasing 
wind  speed  and  shear  Is  reflected  in  Figure  6a  where,  for 
example,  the  contours  of  constant  area  have  their  lowest 
values  near  the  origin,  and  increase  as  the  distance  from  the 
origin  is  increased.  In  fact  the  curves  are  approximately 
hyperbolic  which  indicates  that,  for  a  constant  product  of 
wind  speed  times  shear,  the  area  is  constant.  At  high  dose 
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levels  (see  for  example  Figure  II-5h)  the  tendency  is  reversed, 
which  is  reflected  in  Figure  II-6h  by  the  higher  value  contours 
to  be  near  the  origin. 

At  intermediate  dose  levels  both  tendencies  are  reflected. 
For  example,  in  Figure  II-6e  for  a  dose  of  100  Roentgens,  a 
ridge  of  high  area  in  the  center  of  the  figure  slopes  down  to 
lower  areas  in  two  directions,  both  toward  the  origin  and  in 
the  opposite  direction.  As  can  be  seen  from  inspection  of 
the  figures,  as  the  dose  increases,  the  high  area  ridge  moves 
closer  and  closer  to  the  origin.  Thus,  where  for  typical 
shear  values  the  ridge  is  at  very  high  wind  speeds  at  100 
Roentgens,  at  300  Roentgens  the  ridge  is  located  at  typical 
wind  speeds. 

At  higher  weapon  yields  larger  areas  are  covered.  How¬ 
ever,  as  mentioned  before,  if  the  dose  level  is  divided  by 
the  yield,  comparable  area  coverages  might  be  expected,  at  least 
in  the  restricted  range  of  yields  covered  from  1  to  20  MT.  Thus 
a  20  Roentgen  contour  for  a  20  megaton  weapon  should  compare 
with  a  1  Roentgen  contour  for  a  1  megaton  weapon  with  a 
fission  fraction  of  one.  An  alternative  way  of  achieving  the 
same  effect  is  to  lower  the  weapon  fission  fraction.  If  the 
fission  fraction  is  divided  by  the  weapon  yield,  then  the 
total  amount  of  fission  materials  produced  is  the  same  as  for 
a  standard  1  megaton  weapon  and  comparable  area  coverage 
might  be  expected.  Thus,  a  1  Roentgen  contour  for  a  20 
megaton  weapon  with  a  fission  fraction  of  0.05  should  compare 
with  a  1  Roentgen  contour  for  a  1  megaton  weapon  with  a 
fission  fraction  of  one. 

The  following  series  of  figures  are  for  a  20  megaton 
weapon  with  a  fission  fraction  of  0.05.  Figures  II-7  and 
II-3  show  the  area  covered  for  a  20  mph  wind  and  a  80  mph 
wind  for  a  20  megaton  weapon  with  a  fission  fraction  of  0.05. 
They  are  comparable  to  Figures  II-2  and  II-3  for  a  1  megaton 
weapon.  As  can  be  seen,  with  a  20  megaton  weapon  the  areas 
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CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF  1  ROENTGENS  AS 
FUNCTION  OF  WIND  SPEED  AND  SHEAR  FOR  A  1  MT  YIELD. 
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Figure  1 1 -6 b .  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF  3 
ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  AND  SHEAR 
FOR  A  1  MT  YIELD. 
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Figure  1 1 -6c .  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 
10  ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  1  MT  YIELD. 
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CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF  30  ROENTGENS  AS 
A  FUNCTION  OF  WIND  SPEED  AND  SHEAR  FOR  A  1  MT  YIELD. 
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Figure  II-6e.  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 
100  ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  1  MT  YIELD. 
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Figure  II-6f.  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 
300  ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  1  MT  YIELD. 
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Figure  II-6g.  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 
1000  ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  1  MT  YIELD. 
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Figure  II-6h.  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 
3000  ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  1  MT  YIELD. 
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AREA  COVERED  AS  A  FUNCTION  OF  DOSE/MT  FOR  A  20 
MT  YIELD  WITH  A  20  MPH  WIND  FOR  VARIOUS  SHEARS 


AREA,  sq.  ml. 


Figure  1 1 -8 .  AREA  COVERED  AS  A  FUNCTION  OF  DOSE/MT  FOR  A  20 
MT  YIELD  WITH  A  80  MPH  WIND  FOR  VARIOUS  SHEARS 


are  comparable,  or  slightly  higher  at  low  dose  levels,  but 
somewhat  lower  at  high  dose  levels.1  (Recall,  however,  a  1000 
Roentgen  dose  level  on  these  figures  is  actually  a  20,000 
Roentgen  level.)  Moreover,  the  point  of  crossing  for  curves 
with  various  shears  is  at  a  lower  dose  level  for  20  megaton 
weapons.  Thus  the  crossing  at  20  mph  goes  from  about  130 
Roentgens  for  1  megaton  to  about  30  Roentgens  at  20  megaton, 
at  for  an  80  mph  wind  from  about  30  Roentgens  to  10  Roentgens. 

Two  primary  mechanisms  occur  to  cause  a  difference  in 
the  shape  of  the  1  megaton  and  20  megaton  curves.  The  first 
is  the  higher  cloud  rise  for  a  20  megaton  weapon  which  will 
tend  to  transport  radioactive  material  further  downwind,  thus 
enhancing  lower  dose  level  contours  for  higher  yields.  The 
second  factor  is  due  to  the  ratio  of  WSEG  biological  yield  to 
H+l  hour  dose  rate  which  is  lower  for  higher  yield  weapons 
due  to  the  longer  fall  time  for  radioactive  particles.  The 
structure  of  the  model  demands  that  the  integrated  area 
covered  by  H+l  hour  dose  rate  contour  is  the  same  for  all 
yields.  However,  for  biological  doses,  the  lower  values  of 
the  biological  dose  to  H+l  hour  dose  rate  ratio  implies  the 
Integrated  area  is  lower.  Thus,  if  the  1  megaton  and  20 
megaton  weapons  have  comparable  areas  at  low  dose  levels,  the 
20  megaton  weapons  must  be  lower  in  area  at  high  dose  levels. 

Areas  covered  as  a  function  of  wind  speed  for  various 
shears  are  shown  in  Figures  II-9a  through  g  for  dose  levels 
of  1,  3,  10,  30,  100,  300  and  1000  Roentgens/MT .  The  same 
general  behavior  is  seen  as  for  1  megaton  as  presented  in 
Figures  II-5.  The  smaller  areas  for  the  20  megaton  weapons 
at  high  dose  levels  are  reflected  in  this  set  of  curves  by 
the  transitions  from  one  pattern  to  another  occurring  at  lower 
dose  levels  for  the  20  megaton  weapons  than  for  the  1  megaton 
ones . _ 

1  Again  the  reader  is  reminded  that  for  weapons  appreciably  outside  the 
yield  range  of  1  to  20  MT  this  approximate  correspondence  might  not  hold. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A 
DOSE  LEVEL  OF  I  ROENTGEN/MT  FOR  A  20  MT  YIELD 
AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  LEVEL  OF 
ROENTGENS/MT  FOR  A  20  MT  YIELD  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE 
ROENTGENS/MT  FOR  A  20  MT  YIELD  AND  VARIOUS  SHEARS. 


AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  LEVEL  OF  30 
ROENTGENS/MT  FOR  A  20  MT  YIELD  AND  VARIOUS  SHEARS. 


AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  LEVEL  OF  100 
ROENTGENS/MT  FOR  A  20  MT  YIELD  AND  VARIOUS  SHEARS. 
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AREA  COVERED  AS  A  FUNCTION  OF  WIND  SPEED  AT  A  DOSE  LEVEL  OF  300 
ROENTGENS/MT  FOR  A  20  MT  YIELD  AND  VARIOUS  SHEARS. 


Figure  1 1  - 9g . 


Contours  of  constant  area  covered  as  a  function  of  wind 
speed  and  shear  are  presented  in  Figures  II-10a  through  f  for 
dose  levels  of  1,  3,  10,  30,  100,  300  and  1000  Roentgens/MT . 
Again  these  figures  show  the  same  general  features  as  Figures 
II-6  except  that  the  transitions  occur  at  somewhat  lower  dose 
levels.  The  main  purpose  in  Illustrating  the  areas  covered 
by  20  megaton  weapons  is  to  illustrate  the  similarities  (once 
the  total  fission  deposition  is  accounted  for)  between  the 
different  yields.  For  the  purposes  of  many  comparisons  for 
yields  in  the  1  megaton  to  20  megaton  range,  it  is  adequate 
to  take  the  1  megaton  patterns,  recalling  that  at  high  dose 
levels  the  areas  covered  for  larger  yield  weapons  is  slightly 
less . 

In  Figures  11-11  to  11-13  the  areas  covered  as  a  function 
of  dose  level  are  presented  for  weapon  clusters  of  10,  20  and 
40  mile  crosswind  standard  deviations.  Each  of  the  figures 
is  for  a  total  of  1  megaton  fission  yield  with  a  40  mph  wind. 
This  can  be  compared  with  Figure  II-2b  which  is  for  the  sat.  e 
conditions  but  for  a  single  weapon,  i.e.,  with  a  cluster 
standard  deviation  of  0.  If,  for  example,  a  cluster  consisted 
of  15  one  megaton  weapons  with  a  total  fission  yield  of  15 
megatons,  then  the  dose  level  for  these  figures  should  be 
multiplied  by  15. 

As  would  be  expected,  a  cluster  of  weapons  increases  the 
area  covered  at  Tow  dose  levels  due  to  the  increased  crosswind 
spread,  and  decreases  coverage  at  high  dose  levels  due  to  less 
concentration  of  the  released  fission  products.  The  changes 
due  to  different  wind  shear  become  less  pronounced  as  the 
cluster  siz^  is  increased  since  the  cluster  itself  contributes 
an  appreciable  crosswind  spread.  (Since  the  contours  are  so 
close  in  Figures  11-12  and  11-13,  for  clarity  only  three 
values  of  shear  are  plotted.)  In  Figure  11-13,  two  additional 
curves  are  presented  for  two  extremes  of  high  wind  speed  and 
low  shear,  and  for  low  wind  speed  and  high  shear.  In  this 
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CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF  1  ROENTGEN/MT 
AS  A  FUNCTION  OF  WIND  SPEED  AND  SHEAR  FOR  A  20  MT  YIELD. 
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CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF  3  ROENTGENS/MT 
AS  A  FUNCTION  OF  WIND  SPEED  AND  SHEAR  FOR  A  20  MT  YIELD. 
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CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF  10  ROENTGENS/MT 
AS  A  FUNCTION  OF  WIND  SPEED  AND  SHEAR  FOR  A  20  MT  YIELD. 
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Figure  II-10d. 


CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 
30  ROENTGENS/MT  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  20  MT  Y T ELD . 


0  20  40  to  to  100  120  140  ISO  ISO 

WMO  SPEED,  MfS 


Figure  II-10e.  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 

100  ROENTGENS/MT  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  20  MT  YIELD. 
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Figure  1 1  - 1  Of .  CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF 

300  ROENTGENS/MT  AS  A  FUNCTION  OF  WIND  SPEED  AND 
SHEAR  FOR  A  20  MT  YIELD. 
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CONTOURS  OF  CONSTANT  AREA  COVERED  AT  A  DOSE  OF  1000  ROENTGENS/MT 
AS  A  FUNCTION  OF  WIND  SPEED  AND  SHEAR  FOR  A  20  MT  YIELD. 


Figure  1 1-1 1  . 
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Figure  11-13.  AREA  COVERED  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT 
YIELD  WITH  A  CLUSTER  STANDARD  DEVIATION  OF  40 
MILES  WITH  VARIOUS  WIND  SPEEDS  AND  SHEARS. 
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case,  with  a  large  cluster  standard  deviation,  even  these 
extreme  cases  do  not  make  too  great  a  difference. 

In  Figure  11-14,  areas  covered  as  a  function  of  dose  are 
presented  for  a  range  of  cluster  standard  deviations  at  mod¬ 
erate  wind  speeds  and  shears  of  40  mph  and  0.2  mph/kilofoot . 
As  can  be  seen,  the  curves  are  almost  parallel  at  low  dose 
levels,  but  turn  sharply  downward  more  rapidly  as  the  cluster 
standard  deviation  is  increased. 

C.  FALLOUT  PATTERN  SHAPES 

Another  output  from  the  WSEG-10  model  is  ground  contours 
at  a  number  of  dose  levels.  An  example  of  these  is  presented 
in  Figure  11-15  for  a  1  megaton  weapon  with  typical  wind 
conditions — a  40  mph  wind  speed  and  0.2  mph/kilofoot  wind 
shear.  Each  of  the  contours  looks  approximately  like  an 
ellipse  with  the  downwind  end  slightly  compressed.  All  the 
contours  appear  quite  similar  in  shape,  increased  in  size  for 
the  lower  dosage  levels.  A  more  sensitive  test  for  the 
similarity  in  shape  is  presented  in  Figure  II-16  where  con¬ 
tours  are  presented  with  the  crosswind  distance  divided  by 
maximum  contour  width  and  downwind  distance  divided  by 
maximum  contour  distance  downwind  from  ground  zero.1  The 
difference  between  the  contours  represents  divergences  from 
perfect  similarity.  At  ground  zero  a  rather  appreciable 
difference  is  seen,  which  lessens  at  further  scaled  downwind 
distances.  For  purposes  of  comparison,  the  dashed  line  in 
Figure  11-16  represents  an  ellipse,  which  gives  a  reasonable 
approximation.  A  better  match  can  be  obtained  by  using  an 
"Oval  of  Cassini."  The  general  form  of  this  equation  is 


JIn  all  cases  presented  here,  the  upwind  distance  to  a  certain  contour  is 
small  compared  to  the  downwind  distance.  When  a  contour  length  is  given, 
this  is  defined  as  the  distance  from  ground  zero  to  the  maximum  downwind 
extent  of  the  contour  from  ground  zero. 
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Figure  11-14.  COMPARISONS  OF  AREAS  COVERED  AS  A  FUNCTION  OF 
DOSE  FOR  A  1  MT  YIELD  WITH  VARIOUS  CLUSTER 
STANDARD  DEVIATIONS  WITH  A  WIND  SPEED  OF  40  MPH 
AND  WIND  SHEAR  OF  0.2  MPH/ KI LOFOOT . 
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GROUND  CONTOURS  FOR  VARIOUS  DOSES  FOR  A  1  M 
WIND  SPEED  AND  0.2  MPH/KILOFOOT  WIND  SHEAR. 
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DIMENSIONLESS  CONTOURS  FOR  VARIOUS  DOSES  FOR  A  1  MT  YIELD  WITH 
A  40  MPH  WIND  SPEED  AND  A  0.2  MPH/KILOFOOT  WIND  SHEAR. 


(  2  2  2\2  ,,2  2  4 

lx  +y  +a  I  -  4  a  x  =  c 

The  dotted  line  in  Figure  11-16  is  a  solution  of  this  equation 
for  a=c=l.  The  resulting  curve  is  stretched  so  that  the 
maximum  length  is  1,  the  maximum  width  is  1,  and  the  value  at 
x=0  is  .2.  The  resulting  curve  differs  from  the  10R  contour 
by  a  maximum  of  5  percent.  This  analytical  format  can  be  used 
to  give  quite  close  approximations  to  the  shape  of  the  con¬ 
stant  dose  contours.  For  simplicity  most  of  the  shape  compar¬ 
isons  will  present  contour  length  and  maximum  width,  assuming 
the  shapes  are  sufficiently  similar. 

In  Figure  11-17,  ground  contours  are  given  for  100 
Roentgen  doses  for  a  0.2  mph/kllofoot  wind  shear  and  for  a 
set  of  wind  speeds  between  1  and  80  mph.  The  contours  range 
from  short  and  wide  to  narrow  and  thin,  but  the  same  general 
normalized  shape  is  seen. 

In  Figure  II-18  ground  contours  are  given  for  100  Roentgen 
doses  for  a  80  mph  wind  and  three  different  shears.  The 
contour  for  0  shear  Is  drastically  different  than  the  others 
with  the  maximum  width  occurring  much  closer  to  ground  zero. 

One  measure  of  the  similarity  of  the  various  contours  is 
the  distance  downwind  at  which  the  maximum  width  occurs, 
divided  by  the  maximum  length.  Table  II-l  shows  the  number  of 
occurrences  of  different  values  of  the  ratio  for  a  set  of  runs 
with  a  1  megaton  weapon  with  wind  speeds  ranging  from  3  mph  to 
80  mph,  and  wind  shears  from  0.1  to  1.6  mph/kllofoot.  At  low 
dose  levels  a  high  degree  of  repeatability  is  seen.  As  the 
dose  level  increases,  the  position  of  the  maximum  width  comes 
closer  to  ground  zero  and  the  spread  due  to  different  wind  and 
shear  condition  Increases.  However,  at  doses  up  to  300 
Roentgens,  50  percent  of  the  ratios  occur  in  a  spread  of  0.03 
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GROUND  CONTOURS  FOR  100  ROENTGENS  DOSE  FOR  A  1  MT  YIELD  WITH 
0.2  MPH/KILOFOOT  WIND  SHEAR  AND  VARIOUS  WIND  SPEEDS. 


GROUND  CONTOURS  FOR  100  ROENTGENS  DOSE  FOR  A  1  MT  YIELD  WITH 
20  MPH  WIND  AND  VARIOUS  SHEARS. 


Table  1 1  - 1 .  NUMBER  OF  OCCURRENCES  OF  RATIO  OF  DOWNWIND 
DISTANCE  TO  MAXIMUM  WIDTH  TO  LENGTH  FOR  NON¬ 
ZERO  SHEARS  AND  VARIOUS  WIND  SPEEDS. 
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or  less,  which  can  be  interpreted  to  mean  that  dose  level  is 
the  prime  factor  affecting  this  measure  of  similarity  in  this 
dose  range. 

Table  II-2  gives  the  rate  of  downwind  distance  to  maximum 
width  to  length  for  0  wind  shear.  Here  much  lower  values  of 
tills  ratio  are  seen,  reflecting  a  difference  in  shapes  at  0 
wind  shear.  Increasing  values  of  the  ratio  are  associated 
with  Increasing  wind  speed  for  all  dose  levels  in  this  Table 
except  at  the  3000  Roentgens. 

In  Figure  11-19  ground  contours  for  a  100  Roentgen  dose 
are  shown  for  different  values  of  weapon  cluster  standard 
deviation  at  a  wind  speed  of  40  mph  and  a  wind  shear  of  0.2 
mpn/kilofoot .  As  the  cluster  standard  deviation  is  increased, 
a  change  in  shape  is  seen  bringing  the  location  of  maximum 
width  closer  and  closer  to  ground  zero.  For  the  larger 
cluster  standard  deviations  patterns  similar  to  those  obtained 
with  0  shear  are  obtained. 

The  variations  of  pattern  length  and  width  (here  defined 
as  the  maximum  distance  from  the  center  line  of  the  pattern 
to  the  crosswind  distance  where  the  specified  dose  occurs)  as 
a  function  of  dose  is  shown  in  Figures  11-20,  11-21  and  11-22 
for  1  megaton  weapons  with  20  mph,  40  mph  and  80  mph  wind 
speeds  and  various  shears.  Similar  presentations  of  length 
and  width  as  a  function  of  scaled  dose  for  20  megaton  weapons 
are  shown  in  Figures  11-23  and  11-24  for  the  wind  speeds  of 
20  and  80  mph,  at  the  boundaries  of  the  most  likely  wind  speed 
range . 

For  a  1  megaton  weapon  with  a  20  mph  wind  and  0  shear, 
the  maximum  length  for  a  1R  dose  is  1000  miles,  or  about  1/3 
of  the  distance  across  the  country.  However,  for  a  larger 
shear  of  0.2  mph/kilofoot  ^nd  larger  dose  levels  of,  say  500 
Roentgens,  distances  of  only  about  100  miles  are  obtained.  At 
these  latter  conditions  a  maximum  half-width  of  a  little  less 
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Table  1 1 -2 .  NUMBER  OF  OCCURRENCES  OF  RATIO  OF  DOWNWIND 
DISTANCE  TO  MAXIMUM  WIDTH  TO  LENGTH  FOR  0 
WIND  SHEAR  AND  VARIOUS  WIND  SPEEDS. 


Dose,  Roentgens 


Downwind  Distance 
at  Maximum  Width/ 
Maximum  Length 

1 

3 

10 

30 

100 

300 

1000 

3000 

10,000 

O.Ol 

0.02 

0.03 

1 

1 

i 

1 

0.04 

1 

1 

U ;  *. 

■ 

0.05 

1 

1 

1 

■ 

0.06 

1 

1 

1 

1 

0.07 

1 

1 

1 

ft®  Jv 

0.08 

1 

1 

1 

0.09 

1 

0.10 

1 

1 

0.11 

0.12 

1 

0.13 

1 

0.14 

1 

0.15 

1 

1 

0.16 

0.17 

0.18 

1 

0.19 

1 

0.20 

0.21 

1 

0.22 

0.23 

0.24 

1 

1 

0.25 

1 

2 

0.26 

0.27 

1 

0.28 

0.29 

0.30 

0.30-1.0 

1 

2 

l 

1 
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GROUND  CONTOURS  FOR  100  ROENTGENS  DOSE  FOR  A  1  MT  YIELD  WITH 
VARIOUS  WEAPON  CLUSTER  STANDARD  DEVIATIONS  WITH  A  40  MPH  WIND 
SPEED  AND  0.2  MPH/KILOFOOT  WIND  SHEAR. 
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PATTERN  LENGTH  AND  WIDTH  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT  YIELD 
WITH  A  20  MPH  WIND  SPEED  AND  VARIOUS  WIND  SHEAR. 
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PATTERN  LENGTH  AND  WIDTH  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT  YIELD 
WITH  40  MPH  WIND  SPEED  AND  VARIOUS  SHEARS. 


WMO  SHEAR,  apft/ktt 
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PATTERN  LENGTH  AND  WIDTH  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT  YIELD 
WITH  A  80  MPH  WIND  SPEED  AND  VARIOUS  WIND  SHEAR. 
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PATTERN  LENGTH  AND  WIDTH  AS  A  FUNCTION  OF  DOSE/MT  FOR  A  20  MT 
YIELD  WITH  A  20  MPH  WIND  SPEED  AND  VARIOUS  WIND  SHEARS. 
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Figure  11-24.  PATTERN  LENGTH  AND  WIDTH  AS  A  FUNCTION  OF  DOSE/MT  FOR  A  20  MT 
YIELD  WITH  AN  30  MPH  WIND  SPEED  AND  VARIOUS  WIND  SHEARS. 


than  10  miles  is  obtained,  for  a  total  swath  width  of  20 
miles . 

With  an  80  mph  wind  at  0  shear  condition,  a  maximum 
length  of  3  times  that  at  20  mph  is  obtained.  However  the 
decrease  of  dose  with  distance  is  more  rapid,  so  that  at  a 
dose  of  500  Roentgens  with  a  0.2  mph/kilofoot  shear,  a  length 
of  only  1.3  times  the  20  mph  value  is  obtained.  The  effect 
of  wind  shear  on  pattern  length  and  width  is  more  pronounced 
at  SO  mph  than  at  20  mph. 

As  with  pattern  areas,  increasing  the  yield  to  20 
megatons  (with  0.05  fission  fraction)  does  not  change  pattern 
dimensions  much  at  low  dose  levels,  but  the  more  rapid  decrease 
in  pattern  size  at  higher  dose  levels  causes  a  more  rapid 
decrease  in  dimensions  at  high  dose  levels,  as  was  observed 
with  pattern  area. 

The  ratio  of  length  to  pattern  half-width  (the  maximum 
crosswind  distance  from  the  pattern  hot  line  to  a  particular 
dose  level  contour)  is  a  means  of  describing  the  relative 
thickness  of  a  particular  pattern.  These  ratios  are  presented 
in  Figures  11-25  and  11-26  for  a  1  megaton  weapon  with  20  mph 
and  80  mph  winds,  and  in  Figures  11-27  and  11-28  for  a  20  meg¬ 
aton  weapon  with  the  same  20  mph  and  80  mph  winds.  Only 
relatively  small  variations  of  this  ratio  are  seen  as  a  function 
of  dose  level  except  at  the  0  shear  value.  The  ratios  for  the 
80  mph  wind  in  Figure  11-26  are  about  4  times  those  for  the 
20  mph  wind  shown  in  Figure  11-25.-  Except  at  very  low  shear 
values,  the  ratios  for  the  20  megaton  weapon  are  close  to 
those  for  a  1  megaton  weapon. 

Because  of  the  slow  variation  of  pattern  shape  with  dose 
level,  a  particular  dose  level  can  be  chosen  to  illustrate 
the  variations  of  length  to  maximum  half-width  ratio  with 
wind  speed  and  shear.  Figure  11-29  shows  the  variation  of 
length  to  maximum  half-width  ratio  for  a  1  megaton  weapon  at  a 
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Figure  11-25.  RATIO  OF  LENGTH  TO  MAXIMUM  HALF  WIDTH  AS  A  FUNCTION  OF  DOSE  FOR 
A  1  MT  YIELD  WITH  A  20  MPH  WIND  SPEED  AND  VARIOUS  SHEARS. 


WIND  SHEAR,  mph/kft 
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Figure  11-26.  RATIO  OF  LENGTH  TO  MAXIMUM  HALF  WIDTH  AS  A  FUNCTION  OF  DOSE  FOR 
1  MT  YIELD  WITH  AN  80  MPH  WIND  SPEED  AND  VARIOUS  SHEARS. 
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Figure  11-27.  RATIO  OF  LENGTH  TO  MAXIMUM  HALF  WIDTH  AS  A  FUNCTION  OF  DOSE/MT  FOR 
A  20  MT  YIELD  WITH  A  20  MPH  WIND  SPEED  AND  VARIOUS  SHEARS. 
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RATIO  OF  LENGTH  TO  MAXIMUM  HALF  WIDTH  AS  A  FUNCTION  OF  DOSE/MT 
FOR  A  20  MT  YIELD  WITH  A  80  MPH  WIND  SPEED  AND  VARIOUS  SHEARS. 
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RATIO  OF  LENGTH  TO  MAXIMUM  HALF  WIDTH  AT  A  DOSE  LEVEL  OF  100 
ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  FOR  VARIOUS  WIND  SHEARS. 


dose  level  of  100  Roentgens  as  a  function  of  wind  speed  for 
various  shears.  An  almost  linear  variation  of  the  ratio  with 
wind  speed  is  obtained  over  the  entire  range.  In  Figure  11-30 
the  same  plot  is  presented  except  that  the  ordinate  is  expand¬ 
ed  to  emphasize  the  area  near  the  origin.  Again  an  almost 
linear  variation  is  obtained.  In  Figure  11-31  the  same  data 
are  presented  as  contours  of  constant  ratio  as  a  function  of 
wind  speed  and  wind  shear.  Again  nearly  straight  lines  are 
obtained.  From  Figures  11-29  and  11-30  the  slope  of  the  ratio, 
R,  as  a  function  of  shear  can  be  obtained.  This  slope  is 
presented  in  Figure  11-32  as  a  function  of  wind  shear.  A 
linear  function  on  logarithmic  paper  is  obtained.  The  resulting 
equation  to  fit  this  curve  is 


dR 


0.181 


s-0.7973 


or  equivalently 


R 


0.181  W  3 


-0.7973 


where  W  is  wind  speed  in  mph  and  S  is  wind  shear  in  mph/kilo- 
foot . 

The  effect  of  cluster  standard  deviation  is  shown  in 
Figures  11-33,  11-34  and  11-35  where  pattern  length  and  width 
are  shown  as  a  function  of  dose  for  cluster  standard  deviations 
of  10,  20  and  40  miles  with  a  40  mph  wind  speed  and  various 
shears.  These  figures  should  be  compared  with  Figure  11-21 
for  zero  cluster  standard  deviation.  The  effect  of  a  cluster 
standard  deviation  is  the  same  as  a  shear  in  increasing 
pattern  width.  For  a  cluster  standard  deviation  of  10  miles, 
pattern  widths  for  shears  of  0  to  0.1  mph/kilofoot  are  the 
same  (within  the  resolution  of  the  graph),  for  20  mile  stand¬ 
ard  deviation,  pattern  widths  for  shears  of  0,  0.1  and  0.2 
mph/kilofoot  are  the  same;  and  for  40  miles  all  pattern  widths 
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RATIO  OF  LENGTH  TO  MAXIMUM  HALF  WIDTH  AT  A  DOSE  LEVEL  OF  100 
ROENTGENS  AS  A  FUNCTION  OF  WIND  SPEED  FOR  VARIOUS  WIND  SHEARS. 


RATIO  OF  LEMfiTH  TO  MAXIMUM  HALF  WTH 


0.1  1  10 
s-a.«i-4i  WIND  SHEAR,  mpil/kft 


Figure  11-32.  SLOPE  OF  RATIO  OF  LENGTH  TO  MAXIMUM  HALF  WIDTH 
AS  A  FUNCTION  OF  WIND  SHEAR  FOR  A  1  MT  YIELD  AT 
100  ROENTGENS  DOSAGE. 
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PATTERN  LENGTH  AND  WIDTH  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT  YIELD 
WITH  A  CLUSTER  STANDARD  DEVIATION  OF  10  MILES  FOR  A  40  MPH  WIND 
SPEED  AND  VARIOUS  WIND  SHEARS. 
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PATTERN  LENGTH  AND  WIDTH  AS  A  FUNCTION  OF  DOSE  FOR  A  1  MT  YIELD 
WITH  A  CLUSTER  STANDARD  DEVIATION  OF  20  MILES  FOR  A  40  MPH  WIND 
SPEED  AND  VARIOUS  WIND  SHEARS. 
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SPEED  AND  VARIOUS  WIND  SHEARS. 


for  shears  from  0  to  0.4  mph/kilofoot  are  the  same.  These 
widths  are  the  same  since  the  cluster  standard  deviation 
dominates  the  spread  due  to  wind  shear.  As  the  cluster 
standard  deviation  becomes  larger,  the  mechanisms  determining 
pattern  length  and  width  change  (the  width  due  to  cluster 
standard  deviation  and  the  length  due  to  the  requirement  to 
conserve  the  total  amount  of  radioactivity),  so  that  pattern 
length  to  width  ratios  become  more  dependent  on  dose  level. 
Thus  the  simplification  used  with  0  standard  deviation  of 
considering  pattern  shape  invariant  with  changes  of  dose 
level  in  the  interesting  ranges  of  doses  cannot  be  applied 
here . 

Finally,  in  Figure  11-36  the  effect  of  wind  speed  on 
pattern  length  and  width  is  illustrated  for  a  nominal  0.2 
mph/kilofoot  shear  with  a  cluster  standard  deviation  of  40 
miles.  The  higher  winu  speeds  show  a  more  rapid  decrease  in 
pattern  length,  as  would  be  expected  since  these  higher  speeds 
carry  radioactivity  at  low  dose  levels ’ further  downwind  at  the 
expense  of  the  higher  levels.  The  pattern  widths  show  a 
surprising  degree  of  regularity.  It  is  interesting  to  note 
that  at  a  1  Roentgen  dose,  the  width  ranges  from  about  2\  to  4 
cluster  standard  deviations,  and  that  the  pattern  size  begins 
to  rapidly  decrease  at  a  pattern  width  which  is  about  1^  to  2 
cluster  standard  deviations. 
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WITH  A  CLUSTER  STANDARD  DEVIATION  OF  40  MILES  FOR  A  0.2  MPH/ 
KILOFOOT  WIND  SHEAR  AND  VARIOUS  WIND  SPEEDS. 
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Chapter  III 
THE  WINDS 


A.  GENERAL  DESCRIPTION 

The  effective  fallout  winds,  one  for  each  month  of  the 
year,  used  in  this  report  to  connect  the  fallout  debris  are 
from  the  twelve  "most  probable  winds"  of  R.  Mason,  Command  and 
Control  Technical  Center  [Ref.  5] .  The  following  quotation 
from  [Ref.  5]  describes  these  winds:  "The  fallout  winds  are 
calculated  using  the  set  of  winds  for  a  given  day  from  each 
calendar  month.  Each  set  of  winds  was  selected  not  because  it 
represented  a  specific  pattern  most  likely  to  be  duplicated  in 
the  future,  but  rather  because  the  characteristics  most  fre¬ 
quently  observed  for  that  month  (locations  of  highs  arid  lows 
and  wind  flow  patterns)  were  present  in  that  set.  These  winds 
are  actual  winds  from  a  specific  day,  and  since  the  atmosphere 
is  a  fluid,  one  should  not  expect  the  exact  pattern  to  be 
duplicated  at  any  time  in  the  future.  However,  these  "most 
probable"  winds  do  represent  the  flow  as  it  might  be  expected 
to  occur,  provided  no  unusual  atmospheric  conditions  are 
present . 

The  twelve  sets  of  winds  are  available  with  the  data 
(five  standard  pressure  surfaces)  located  on  the  SAC  Weather 
Grid.  When  these  data  are  treated  mathematically,  integrated 
fallout  winds  are  obtained  for  each  grid  point." 

The  winds  selected  from  [Ref.  5]  are  "level  E"  winds, 
which  are  to  be  used  for  yields  of  one  megaton  or  greater 
(all  references  to  winds  in  this  study  are  effective 
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fallout  winds,  (winds  averaged  over  a  number  of  altitudes)  not 
actual  or  "raw"  winds.)  Plots  of  these  winds  taken  from 
[Ref.  5]  are  shown  in  Figures  Ill-la  to  III-1L. 

The  plots  in  [Ref.  4]  are  on  a  polar  sterographic  pro¬ 
jection  of  the  portion  of  the  northern  hemisphere  extending 
from  10°  latitude  to  90°  latitude.  Figure  TII-1  shows  that 
portion  of  the  map  covering  the  continental  United  States. 

The  wind  direction  is  given  by  the  direction  of  the  arrows. 

The  length  of  each  arrow  gives  the  wind  speed,  with  each  inch 
representing  109  knots  or  125  miles/hour.  Wind  speeds  less 
than  five  miles/hour  are  represented  by  circles.  The  shape  of 
the  arrowhead  represents  the  value  of  the  wind  shear,1  in 
knots/kilofoot ,  according  to  the  following  legend: 


Shape 

Wind  Shear  Ra 

~7 

0.00  -  0.05 

~7 

0.05  -  0.15 

■y 

0.15  -  0.20 

0.20  -  0.25 

0.25  -  0.30 

0.30  -  0.45 

-* 

0.45  -  UP 

The  raw  wind  data  were  received  on  a  magnetic  tape  from 
the  Command  and  Control  Technical  Center  and  processed  as 
described  in  [Ref.  4] .  The  effective  fallout  winds  were 
calculated  at  the  intersection  of  a  two  degree  grid  by  inter¬ 
polation  from  the  polar  sterographic  grid.  (The  two  degree 
spacing  was  chosen  for  convenience  in  the  data  processing.) 
The  average  distance  between  points  in  the  United  States  for 
the  original  grid  is  about  190  miles,  and  for  the  new  grid  is 
about  l4o  miles  in  the  North  South  direction  and  110  miles  In 
the  East  West  direction.  Thus  the  detail  shown  in  the  new 

'This  is  a  " fallout  wind  shear"  as  defined  in  reference  1,  not  the  usual 
meterological  wind  shear. 
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EFFECTIVE  FALLOUT  WIND  VECTORS  FOP  THE  MONTH  OF  JANUAkY 
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EFFECTIVE  FALLOUT  WIND  VECTORS  FOR  THE  MONTH  OF  FEBRUARY 
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Figure  III- 
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EFFECTIVE  FALLOUT  WIND  VECTORS  FOR  THE  MONTH  OF  SEPTEMBER 
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EFFECTIVE  FALLOUT  WIND  VECTORS  FOR  THE  MONTH  OF  OCTOBER 
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EFFECTIVE  F'.L!.:MT  WIND  VECTORS  FOR  THE  MONTH  OF  NOVEMBER 


EFFECTIVE  FALLUUT  WIND  VECTORS  FOR  THE  MONTH  OF  DECEMBER 


grid  is  somewhat  greater  than  the  resolution  of  the  original 
data.  The  two  degree  grid  extends  from  24°  North  latitude  to 
50°  and  from  65°  West  longitude  to  125  degrees.  All  wind 
statistics  discussed  here  refer  to  wind  data  on  this  two 
degree  grid. 

B.  OVERALL  WIND  SPEED  AND  WIND  SHEAR 

The  wind  grid  for  each  month  has  434  points;  for  the  12 
months  there  are  a  total  of  5208  points.  The  mean  wind  speed 
for  all  these  points  is  40.8  mph,  with  a  standard  deviation 
for  the  wind  speeds  of  22.7  mph.  The  mean  wind  shear  for 
these  points  is  0.126  mph/kilofoot ,  with  a  standard  deviation 
of  the  wind  shear  of  0.107  mph/kilofoot.  Prom  a  sample  nf 
this  size  there  is  about  a  99  percent  chance  that  due  to- 
sampling  statistics  alone,  the  true  mean  wind  speed  is  within 
one  mph  of  the  calculated  mean,  and  the  true  wind  shear  is 
within  .005  mph/kilofoot  of  the  calculated  mean.  It  must  be 
recalled;  however,  that  these  statistics  were  collected  for 
winds  on  only  12  days,  and  there  is  partial,  but  not  perfect, 
correlation  between  winds  in  different  parts  of  the  country. 

The  limited  sample  of  days  will  thus  Introduce  a  greater  error 
into  estimating  the  true  mean  effective  fallout  wind,  but  the 
magnitude  of  this  error  cannot  be  estimated  from  these  limited 
data.  However,  for  the  purposes  of  explaining  the  characteris¬ 
tics  of  the  fallout  patterns  in  this  report,  we  need  only  be 
concerned  with  the  statistics  of  these  12  particular  winds. 

Some  percentile  values  for  the  wind  speed  and  shear  are: 

Minimum  10  Percentile  50  Percentile  90  Percentile  Maximum 
Wind  Speed  .3  7  36  68  118 

Wind  Shear  0.00  .005  .07  .23  .67 

Both  for  the  wind  speed  and  wind  shear,  the  median  value  is 
appreciably  below  the  average. 
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Graphs  of  wind  speed  and  wind  shear  versus  cumulative 
fractions  of  occurrences  are  presented  in  Figures  III-2  and 
III-3,  plotted  on  normal  probability  paper.  For  wind  speeds 
between  20  and  100  mph  a  reasonably  straight  line  is  obtained 
indicating  an  approximately  normal  distribution  within  range. 

The  top  curve  in  Figure  III-3  is  the  direct  cumulative  histogram 
of  the  wind  shear.  Below  values  of  about  0.2  the  shear  appears 
to  depart  seriously  from  a  normal  distribution.  The  bottom 
curve  represents  a  distribution  which  has  the  shape  of  half 
a  normal  distribution.  It  begins  at  the  50  percent  occurrence 
level.  Tne  number  of  occurrences  are  divided  by  2  to  preserve 
normalization.  A  straight  line  in  this  plot  would  indicate  a 
normal  distribution  with  mean  zero,  with  the  negative  half  of 
the  distribution  folded  over  and  added  to  the  positive  half. 

As  is  seen,  a  better  empirical  approximation  to  such  a  dis¬ 
tribution  is  obtained  for  low  wind  shear  values. 

In  Figures  111-4  and  III-5,  histograms  of  the  wind  speed 
and  wind  shear  values  are  presented.  Here  the  difference  in 
behavior  of  the  distributions  for  small  values  of  the  variables 
is  clearly  indicated.  Very  low  wind  speeds  become  less 
frequent  while  very  low  shear  values  are  the  most  frequent. 

If  this  result  seems  counterintuitive  it  must  be  recalled  that 
statistics  of  effective  fallout  winds.,  not  surface  winds,  are 
being  presented. 

The  histogram  of  wind  speed  in  Figure  III-4  has  the 
appearance  of  a  log  normal  distribution.  In  Figure  III-6, 
the  cumulative  histogram  for  wind  speed  Is  plotted  on  prob¬ 
ability  paper  using  the  logarithm  of  the  wind  speed  as  the 
ordinate.  The  continuous  curving  of  the  plot  shows  that  a 
■simple  normal  distribution  does  in  fact  give  a  better  rep¬ 
resentation  except  at  very  low  wind  speeds. 

The  number  of  occurrences  of  wind  speed  and  shear  in 
different  intervals  is  shown  In  a  matrix  In  Table  III-l.  The 
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CUMULATIVE  HISTOGRAM  OF  WIND  SHEAR  FOR  ALL  MONTHS  ON  A  NORMAL 
PROBABILITY  PLOT. 
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HISTOGRAM  OF  WIND  SPEED  FOR  ALL  MONTHS 
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Figure  I  1 1  - 5 .  HISTOGRAM  OF  WIND  SHEAR  FOR  ALL  MONTHS 
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CUMULATIVE  HISTOGRAM  OF  WIND  SPEED  FOR  ALL  MONTHS  ON 
LOGARITHMIC  NORMAL  PROBABILITY  PLOT. 
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dividing  line  for  the  intervals  is  midway  between  the  value 
shown.  A  blank  entry  represents  no  occurrences.  The  lines  on 
the  Table  are  placed  there  as  an  aid  to  visualization  and 
divide  the  Table  into  regions  of  150  or  more  occurrences, 
100-149,  50-99,  20-49  and  less  than  20  occurrences.  These 
numbers  add  up  to  the  total  number  so  the  fraction  in  each 
interval  is  readily  obtained  by  dividing  the  listed  value  by 
5208.  Prom  inspection  of  the  Table  there  seems  to  be  only  a 
slight  tendency  for  wind  shear  values  to  increase  witn  wind 
speed.  This  is  borne  out  by  the  low  value  of  the  correlation 
coefficient  between  wind  speed  and  wind  shear  of  0.123.  Thus 
to  a  first  approximation  the  wind  speed  and  wind  shear  may  be 
taken  as  uncorrelated  variables  In  the  overall  statistics. 

C.  MONTHLY  AND  REGIONAL  WIND  SPEED  AND  WIND  SHEAR  STATISTICS 

Table  III-2  presents  selected  wind  statistics  for  each 
monthly  wind.  In  Figure  III-7  the  mean  wind  speed  and  mean 
wind  shear  and  the  correlation  coefficient  between  the  two  are 
plotted  by  month.  The  data  for  mean  wind  speed  and  mean  wind 
shear  Indicate  a  definite  annual  trend.  Assigning  any  rationale 
to  the  fluctuation  of  the  correlation  coefficient  is  prob¬ 
lematical.  Probably  the  best  one  can  say  is  that  these  fluc¬ 
tuations  may  be  due  to  the  synoptic  weather  conditions  on 
those  particular  days. 

Figure  III-8  presents  tho  ratio  of  standard  deviations, 
medians  and  maximum  value  of  each  month  to  the  mean  value  for 
both  wind  speed  arid  wind  shear.  In  this  Figure  annual  trends 
are  not  nearly  as  evident  as  in  Figure  III-7.  Nevertheless, 
a  definite  increase  in  the  ratio  of  standard  deviation  to  mean 
wind  speed  for  the  summer  months  is  apparent.  This  can  be 
taken  as  an  Indication  that  wind  speed  variability  is  a  trend, 
in  part,  to  be  a  constant  value  rather  than  a  constant  fraction 
of  the  mean.  The  shear  variability  is  almost  twice  as  high  a 
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SELECTED  WIND  STATISTICS  FOR  EACH  MONTH 
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Figure  III-7.  MEAN  WIND  SPEED,  MEAN  WIND  SHEAR  AND 
CORRELATION  COEFFICIENT  BY  MONTH. 
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RATIO  OF  MOCATED  VALUE  TO  MEAN  VALUE 


MONTH 

i-MMI 


Figure  1 1 1 -8.  RATIO  Oi  STANDARD  DEVIATION,  MEDIAN  VALUE  OR 
MAXIMUM  VALUE  OF  WIND  SPEED  AS  SHEAR  TO  MEAN 
VALUE  FOR  EACH  MONTHLY  WIND. 
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fraction  of  the  mean  as  for  speed,  but  the  value  seems  to  be 
more  constant  and  shows  less  annual  trend.  The  ratio  of 
maximum  wind  speed  to  mean  speed  shows  evidence  of  an  annual 
variation  with  peaks  at  the  minimum  wind  speed,  as  in  the 
ratio  of  standard  deviation  to  mean.  The  ratio  of  maximum  to 
mean  wind  snear  shows  large  fluctuation  and  little  evidence  of 
any  non-random  variations. 

The  ratio  of  median  to  standard  deviation  shows  an 
indication  of  a  dip  in  summer  months  for  both  wind  speed  and 
shear.  A  change  in  this  ratio  indicates  changes  in  the 
detailed  nature  of  the  frequency  distributions.  Some  of  these 
changes  are  evident  in  Figure  III-9  which  presents  histograms 
of  wind  speed  distributions  for  the  extreme  months  of  January 
and  August  and  the  month  of  May,  which  is  intermediate. 

The  differences  in  the  distribution  is  evident.  January 
could  represent  a  normal  distribution,  while  the  distribution 
for  August  is  very  sharply  truncated  near  zero  values  and  that 
for  May  only  somewhat  so.  Where  the  mean  wind  speed  is  high 
enough  in  January  sc  there  is  no  truncation  of  the  distribu¬ 
tion  near  zero  values,  a  near  normal  distribution  is  obtained. 

A  set  of  four  subregions  were  defined  to  determine 
whether  there  were  any  significant  differences  in  the  statis¬ 
tics  between  these  regions.  These  regions  included  all  points 
on  the  boundary  and  interior  of  the  figures  defined  as  follows: 


r  . . — 

Region  Name 

Minimum 

Latitude 

Maximum 

Latitude 

Minimum 

Longitude 

Maximum 

Longitude 

Number  of 

Points 

Northeast 

38 

44 

65 

89 

52 

Southeast 

28 

36 

79 

93 

40 

Southwest 

30 

38 

119 

40 

Northwest 

40 

99 

115 

54 

111 
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HISTOGRAMS  OF  WIND  SPEEDS  FOR  THE  MONTH  OF  JANUARY,  MAY 
AND  AUGUST. 


The  regions  were  selected  to  represent  different  parts  of 
the  country,  yet  were  made  large  enough  to  obtain  a  reasonably 
large  number  of  points  for  depictions  of  wind  statistics. 

Figure  III-10  shows  a  map  of  these  regions  on  the  same  projec¬ 
tion  as  the  wind  illustrations  of  Figure  III-l. 

In  Table  III-3  the  mean  wind  speed,  mean  wind  shear,  and 
correlation  coefficient  are  shown  for  each  month.  The  mean 
wind  speed  in  the  Northeast  and  Southeast  for  all  months  seems 
to  be  definitely  higher  than  for  the  Southwest  and  Northwest. 

The  wind  shear  for  all  months,  however,  appears  to  have  little 
regional  difference.  The  mean  wind  speeds  for  the  individual 
months  have  larger  individual  variations  between  regions. 
January,  for  example,  has  rather  low  mean  winds  for  all  regions, 
while  February  shows  high  winds  for  three  regions  and  a  mean 
wind  less  than  one-half  this  value  for  the  Southwest.  A  strong 
tendency  for  the  wind  speeds  in  some  regions  to  be  independent 
of  the  rest  is  apparent.  The  same  pattern  is  true  for  wind 
shear  but  the  differences  between  regions  seems  even  more 
accentuated.  These  differences  are  undoubtedly  due  to  the 
fact  that  on  any  particular  day,  the  meterological  conditions 
in  different  parts  of  the  country  car.  vary  widely. 

Wide  variations  in  the  correlation  coefficient  are  also 
apparent.  However,  much  larger  values  of  correlation  coeffi¬ 
cient  can  be  seen,  the  largest  in  absolute  value  being  -.  86. 

The  mean  value  of  the  absolute  value  cf  these  correlation 
coefficients  is  0.31*;  the  large  values  are  well  divided  between 
positive  and  negative  values.  On  a  local  basis  for  particular 
day  there  is  a  tendency  for  changes  In  wind  speed  to  be 
related  to  changes  in  wind  shear.  If  only  positive  correlation 
appeared,  this  could  be  readily  explained  since  the  wind  shear 
is  computed  as  the  difference  In  absolute  value  of  the  sine 
of  the  wind  angle  difference  at  the  two  highest  altitude  levels 
of  interest  times  the  wind  speed  at  the  next  to  the  highest 
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LOCATION  OF  SUB  AREAS. 


SELECTED  WIND  STATISTICS  BY  MONTH  AND  REGION 
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level.  The  large  negative  correlations  require  a  little  deeper 
explanation. 

The  variability  of  the  winds  on  a  particular  day  within  a 
region  is  illustrated  in  Table  III-4  where  the  ratio  of  stand¬ 
ard  deviation  of  wind  speed  and  shear  to  the  mean  value  is 
presented  for  each  month  and  region.  In  Table  III-2  the  ratio 
of  standard  deviation  to  mean  wind  speed  was  somewhat  lower 
for  each  month  than  for  all  months  averaged  together,  but  not 
drastically  so.  When  considered  by  region,  however,  this 
ratio  is  generally  lower  and  often  drastically  reduced. 
Occasionally,  when  conditions  are  varying  rapidly  over  a 
region,  this  ratio  is  increased.  For  example,  the  reason  for 
the  value  of  0.77  in  the  Southeast  region  in  May  is  readily 
apparent  by  glancing  at  the  flow  pattern  for  May  in  Figure 
III-l. 

The  variations  of  the  shear  within  regions  for  a  partic¬ 
ular  day  are  not  as  drastically  reduced.  The  mechanisms 
causing  variability  in  shear  values  seem  still  effective  over 
areas  of  this  size. 

D.  OVERALL  WIND  DIRECTION  STATISTICS 

The  analysis  of  wind  direction  here  will  be  limited  to 
studying  frequencies  of  winds  in  different  directions  and  the 
correlation  of  wind  direction  with  wind  speed.1  In  Figure 
III-ll,  a  polar  histogram  of  the  number  of  wind  occurrences 
in  15  degree  intervals  for  all  .Locations  for  all  twelve  winds 
is  blowing  from,  measured  in  degrees  counterclockwise  from 
the  North.  Thus,  for  example,  a  wind  direction  of  270  degrees 
represents  a  wind  blowing  from  West  to  East,  and  a  wind  direc¬ 
tion  of  225  degrees  represents  a  wind  blowing  from  Southwest 
to  Northeast.  Since  there  are  5208  total  data  points,  the 
average  number  of  data  points  per  interval  is  217.  The 
observed  number  of  data  points  per  interval  ranged  from  a 

’The  interesting  question  of  correlation  of  wind  direction  with  position 
is  left  for  the  future. 
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VARIABILITY  CF  WIND  STATISTICS  BY  MONTH  AND  REGION 
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minimum  of  11  to  a  maximum  of  988.  In  Figure  III-12,  the 
same  histogram  is  presented  with  the  occurrences  scale  expanded 
by  a  factor  of  10  to  better  illustrate  the  region  where  winds 
are  blowing  toward  the  West. 

Figure  III-ll  illustrates  that  the  interval  with  the  most 
frequent  winds  is  15  degrees  South  of  due  East.  The  mean  wind 
direction  is  277°,  and  the  standard  deviation  for  the  mean 
wind  direction  is  42  degrees.  Thus  68  percent  of  the  time  the 
wind  Is  blowing  between  235  degrees  and  320  degrees,  a  rel¬ 
atively  restricted  angle. 

Figure  III-13  presents  a  polar  plot  of  the  mean  wind  speed 
at  different  angles  for  all  months.  For  example,  the  mean  wind 
speed  at  270°  represents  the  average  speed  of  all  winds  blowing 
between  angles  of  262.5  and  277.5  degrees.  A  strong  variation 
of  wind  speed  with  angle  is  evident.  A  comparison  with  Figure 
III-ll  shows  that  the  mean  wind  speed  Is  highly  correlated  with 
the  number  of  occurrences,  with  the  high  mean  wind  speeds 
occurring  In  the  more  frequent  directions.  This  is  further 
Illustrated  in  Figure  ITI-14  where  the  number  of  occurrences 
in  each  15  degree  interval  is  presented  as  a  function  of  the 
mean  wind  speed  in  that  interval.  A  possible  curve  fitting 
the  plotted  points  is  presented  in  the  Figure.  The  pure 
statistical  fluctuation  expected  about  an  average  curve  (at 
the  mean  number  of  occurrences  of  217)  if  a  benominal  prob¬ 
ability  distribution  Is  assumed  gives  a  standard  deviation  of 
15  occurrences.  Thus  a  good  deal  of  the  observed  fluctuation 
from  a  hypothetical  mean  curve  could  be  explained  by  purely 
random  phenomena. 

In  Table  III-5,  the  observed  number  of  occurrences  for 
various  combinations  of  velocities  and  winds  are  presented. 

Two  elements  are  immediately  evident,  the  larger  number  of 
occurrences  of  wind  blowing  to  the  East,  and  their  higher 
values.  The  distribution  of  velocities  at  angles  near  270 
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Figure  III-14.  NUMBER  OF  OCCURRENCES  OF  WIND  IN  A  15  DEGREE 

INTERVAL  AS  A  FUNCTION  OF  MEAN  WIND  SPEED  IN 
THAT  INTERVAL. 
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Table  1 1 1  -  5 .  NUMBER  OF  OCCURRENCES  OF  VARIOUS  WIND  SPEEDS 
AND  DIRECTIONS  FOR  ALL  MONTHS 


degrees  has  an  approximately  normal  appearance.  This  is 
illustrated  by  Figure  III-15  where  the  solid  curve  shows  a 
cumulative  histogram  for  winds  at  270  degrees  on  a  normal 
probability  plot.  (The  meaning  of  the  x's  on  the  Figure  will 
be  discussed  shortly. )  In  the  range  from  20  mph  to  100  mph, 
reasonable  straight  lines  can  be  fitted  to  the  histogram, 
indicating  an  approximately  normal  distribution.  For  winds 
blowing  towards  the  West,  the  number  of  samples  is  too  small 
to  say  much  about  distributions,  but  at  least  for  some  angles, 

30  to  90  degrees,  a  highly  skewed  distribution  is  indicated. 

One  method  of  describing  climatological  wind  statistics 
at  a  particular  location,  is  to  imagine  that  a  sample  wind 
vector  at  any  particular  time  may  be  drawn  from  a  statistical 
distribution  the  sum  of  two  vectors,  a  mean  wind  vector,  S, 
and  a  random  wind  vector,  W.  The  random  wind  vector  is  taken 
from  an  elliptical  normal  distribution.  The  wind  statistics 
then  are  described  by  the  magnitude  and  direction  of  the  mean 
wind  vector  and  the  two  standard  deviations  of  the  elliptical 
normal  distribution.  For  many  uses  a  circular  normal 
distribution  of  the  random  wind  vector  can  be  assumed;  the 
single  standard  deviation  Is  taken  as  the  geometrical  moan 
of  the  two  elliptical  standard  deviations. 

A  Monte  Carlo  simulation  was  written  which  generated  wind 
vectors  drawn  from  a  circular  normal  distribution  as  described 
in  the  previous  paragraph.  These  wind  vectors  then  were  treated 
as  observed  wind  vectors  and  similar  statistics  were  observed. 

An  effort  was  then  made  to  find  a  mean  wind  vector  and  a  stand¬ 
ard  deviation  which  could  produce  statistics  close  to  the 
observed  values  of  nationwide  statistics  for  all  twelve  winds. 
This  method  of  describing  actual  wind  values  at  any  part  leu? ar 
location  is  well  established.  However,  here  we  are  using 
fallout  winds,  not  actual  winds,  and  applying  the  method  over 
the  entire  nation,  not  just  at  a  point.  Thus  while  one  might 
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CUMULATIVE  HISTOGRAM  OF  WIND  SPEED  FOR  ALL  MONTHS  FOR  WINDS 
AT  AN  ANGLE  OF  2700  ON  A  NORMAL  PROBABILITY  PLOT. 


hope  this  method  will  work  well,  there  is  no  a  priori  jus¬ 
tification  for  using  it  in  this  fashion.  In  the  first  case 
shown,1  the  conditions  were  chosen  (1)  to  match  the  average 
speed  of  all  trials  to  the  observed  mean  wind  speed  of  4C.8 
mph,  and  (2)  to  match  the  number  of  occurrences  of  the  observed 
wind  in  the  Easterly  Direction,  namely  393  occurrences  between 
0  and  ISO  degrees. 

The  simulation  run  used  the  speed  of  the  mean  wind  vector, 
|S|,  of  32.9  miles/hour  and  a  standard  deviation  of  21.6  mile/ 
hour.  Since  the  mean  wind  direction  of  the  observed  winds  Was 
only  -7°  from  270°,  for  convenience  the  direction  of  the  mean 
wind  vector  in  the  simulation  was  taken  at  270  degrees.  A 
large  number  of  trials  (500,000)  was  used  in  order  to  obtain 
adequate  statistics  for  the  winds  blowing  toward  the  West. 

The  average  wind  speed  for  all  trials  was  40.86  mph  and  there- 
were  399  adjusted  occurrences  between  0  and  180  degrees.  (The 
number  of  occurrences  from  the  simulation  was  adjusted  by 
multiplying  the  actual  number  for  the  simulation  by  the  ratio 
of  number  of  trials,  i.e.  5208/500,000.)  Figure  III-16  shows 
a  histogram  of  the  number  of  adjusted  occurrences,  which 
compares  quite  well  with  Figure  III-ll.  Figure  III-17  shows 
the  region  from  0  to  180°  with  an  expanded  scale  which  should 
compare  with  Figure  III-12.  The  mean  wind  speed  as  a  function 
of  angle  is  shown  in  Figure  III-18.  For  wind  blowing  toward 
the  East  the  agreement  is  quite  good,  but  for  winds  blowing 
toward  the  West  the  simulation  gives  wind  speeds  about  twice  as 
high  as  observed.  This  discrepancy  apparently  is  due  to 
mechanisms  different  from  the  simple  one  used  in  the  simulation 
dominating  the  values  for  the  wind  blowing  to  the  West.  How¬ 
ever,  if  the  magnitude  of  this  discrepancy  is  not  thought  too 
large,  the  simulation  offers  a  simple  mechanism  for  describing 
nationwide  winds. 


JTwo  cases  are  shown  here. 
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Figure  III-17.  POLAR  HISTOGRAM  WITH  EXPANDED  SCALE  OF 

NUMBER  OF  WIND  ANGLE  OCCURRENCES  IN  15 
DEGREE  INTERVALS  FOR  THE  FIRST  SIMULATION. 
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Table  III-6  shows  the  number  of  adjusted  occurrences  at 
different  velocity  levels  and  angles.  The  number  of  occur¬ 
rences  has  been  adjusted,  as  with  Figure  III-16,  to  be  com¬ 
parable  with  Table  III-5.  Where  the  number  of  occurrences  is 
greater  than  zero,  but  rounds  to  zero,  a  dash  is  indicated. 

A  fairly  good  agreement  is  seen  between  the  two  Tables  for 
wind  blowing  toward  the  East.  The  maximum  number  of  observed 
occurrences  for  the  observed  winds  is  165  at  a  wind  direction 
of  270  degrees  and  wind  speed  of  40  mph.  For'  the  simulation, 
the  maximum  value  is  172  occurring  at  the  same  wind  speeds  and 
angles.  The  x's  on  Figure  III-15  represent  the  cumulative 
frequency  distribution  at  270°  from  the  simulation.  As  should 
be  expected,  once  the  velocity  is  substantially  above  0  miles/ 
hour,  the  x’s  form  nearly  a  straight  line,  giving  a  close  fit 
to  3  normal  frequency  distribution.  Except  for  the  range  from 
60  to  90  miles/hour,  they  are  also  quite  close  to  the  observed 
distribution.  In  the  range  from  60  to  90  mile/hour,  the  observed 
distribution  shows  somewhat  higher  numbers  of  occurrences  than 
from  a  normal  distribution;  that  is,  the  distribution  is  skewed 
toward  high  wind  values. 

A  second  simulation  was  run  where  the  objective  was  to 
match  the  mean  wind  speeds  from  winds  blowing  toward  the  West, 
rather  than  the  number  of  occurrences  for  these  winds.  In 
this  simulation  the  speed  of  the  mean  wind  vector  was  37.19 
mile/hour  and  the  standard  deviation  of  the  random  wind  vector 
was  15.80  miles/hour.  This  gives  a  ratio  of  standard  deviation 
to  mean  wind  speed  of  0.425,  compared  to  0.657  for  the  first 
simulation.  Again  500,000  trials  were  used.  The  overall 
average  wind  speed  from  the  simulation  was  40.9  miles/hour, 
close  to  the  observed  value  of  40.8  miles/hour.  Figure  III-19 
presents  a  polar  histogram  of  the  number  of  occurrences  as  a 
function  of  wind  angle,  and  Figure  III-20  presents  the  same 
histogram  with  an  expanded  scale.  As  before,  the  number  of 
occurrences  have  been  scaled  to  be  comparable  with  the  observed 
data  in  Figures  Ill-li  and  III-12.  Figure  III-21  presents  the 
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Table  1 1 1 -6 .  NUMBER  OF  OCCURRENCES  OF  VARIOUS  WIND 
SPEEDS  AND  DIRECTIONS  FROM  MONTE  CARLO 
SIMULATION. 
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Figure  III-19.  POLAR  HISTOGRAM  OF  NUMBER  OF  WIND  ANGLE 

OCCURRENCES  IN  15  DEGREE  INTERVALS  FOR  THE 
SECOND  SIMULATION. 
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Figure  II 1-20. 
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mean  wind  speed  as  a  function  of  angle.  A  comparison  with  the 
observed  values  presented  in  Figure  III-13  shows  quite  good 
agreement  for  all  angle.,.  However,  the  number  of  occurrences 
of  the  winds  blowing  toward  the  West  is  considerably  smaller. 

The  cumulative  scaled  number  of  winds  between  0  and  180  degrees 
is  only  63.6,  less  than  1/6  of  the  observed  value  of  ?93- 
This  second  simulation  shows  that  it  is  possible  to  match  either 
the  observed  number  of  occurrences  of  winds  blowing  to  the 
West  or  their  observed  mean  steeds  by  this  method,  but  not  both 
simultaneously.  For  many  uses  a  match  of  c.ae  of  these  statistics 
might  be  adequate,  while  for  other  more  complex  procedures 
might  be  necessary. 

E.  MONTHLY  AND  REGIONAL  WIND  DIRECTION  STATISTICS 

In  Figures  III-22  through  III-27,  polar  histograms  of 
numbers  of  occurrences  and  mean  wind  speeds  are  shown  for  the 
months  of  January,  April,  and  August.  The  number  of  occurrences 
is  not  scaled  here,  it  should  be  multiplied  by  12  to  be 
comparable  to  those  for  all  months  added  together.  The  three 
months  were  selected  to  illustrate  the  statistics  for  a 
variety  of  wind  patterns.  For  both  January  and  April  the  wind 
is  ■ estricted  to  a  relatively  narrow  angle,  but  for  August 
some  winds  in  almost  every  direction  are  seen.  The  wind 
direction  for  January  has  almost  a  constant  number  of  occur¬ 
rences  over  some  60  degrees,  whereas  for  April  it  is  strongly 
peaked  at  one  angle.  Although  the  number  of  occurrences  for 
April  is  sharply  peaked,  the  shape  of  the  mean  wind  speed 
pattern  for  both  April  arid  August  is  similar.  The  mean  wind 
speed  for  August  shows  a  pattern  somewhat  similar  in  shape  as 
for  the  nationwide  winds,  although  the  speeds  are  appreciably 
decreased.  In  all  these  patterns,  the  total  number  of  e  ents 
is  small  enough  so  that  an  appreciable  random  scatter  appears 
in  the  patterns. 

In  Figures  III-28  through  III-35  polar  histograms  of 
number  of  occurrences  and  mean  wind  speeds  are  presented  for 
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Figure  III-27.  MEAN  WIND  SPEED  FOR  WINDS  AT  DIFFERENT 

ANGLES  FOR  AUGUST. 
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Figure  III-31.  MEAN  WIND  SPEED  FOR  WINDS  AT  DIFFERENT 
9  ANGLES  FOR  THE  SOUTHEAST. 
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Figure  1 1 1  -  32  .  POLAR  HISTOGRAM  OF  THE  NUMBER  OF  WIND 

OCCURRENCES  IN  15  DEGREE  INTERVALS  FOR  THE 
SOUTHWEST. 
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Figure  III-34.  POLAR  HISTOGRAM  OF  THE  NUMBER  OF  WIND 

OCCURRENCES  IN  15  DEGREE  ANGLES  FOR  THE 
NORTHWEST. 
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the  four  regions  discussed  earlier.  The  number  of  occur¬ 
rences  are  scaled  in  these  Figures  to  be  comparable  with  the 
nationwide  values.  The  mean  wind  direction  is  near  270 
degrees  except  for  the  Northwest  where  it  skewed  about  20 
degrees  to  the  South.  Both  the  Northeast  and  Southwest 
show  a  bimodel  distribution,  although  this  might  come  from 
the  limited  sample  of  winds.  The  Southeast  shows  a  peaked 
distribution,  as  does  the  Southwest  if  the  one  point  at  330 
degrees  is  neglected.  The  mean  wind  speeds  for  the  Northeast 
and  Northwest  show  a  bimodel  tendency,  as  does  the  histogram, 
whereas  for  the  Southeast  and  Southwest  more  unlmodel  distribu¬ 
tion  occurs.  These  effects  may  be  due  to  statistical  fluc¬ 
tuations  in  the  limited  sample  of  12  winds,  or  may  be  real. 

The  patterns  are  not  amenable  to  duplication  by  the  simulation 
method  used  for  the  nationwide  calculation,  although  for 
smaller  regions  (or  a  single  location)  the  climatological 
description  of  a  wind  sample  consisting  of  a  mean  wind  vector 
plus  a  random  vector  drawn  from  a  normal  distribution  should 
be  applicable. 
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Chapter  IV 
THE  ATTACK 


A.  DESCRIPTION 


The  attack  used  in  this  study  is  an  unclassified  attack 
developed  by  FEMA  which  was  used  in  defining  risk  areas  for 
crises  relocation  studies.  The  attack  is  directed  against 
time-urgent  strategic  offensive  delivery  forces  (counterforce 
targets),  other  military  targets,  industry  and  population. 

The  attack  has  at  least  one  weapon  delivered  upon  each  urban¬ 
ized  area  in  the  United  States.  The  full  attack  consists  of 
the  following  weapons: 


Y  i  e-1  d 

1  Megaton 

2  Megatons 

3  Megatons 
20  Megatons 


Number  of  Weapons 
843 
185 
176 
240 


The  total  attack  consists  of  1444  weapons  with  a  total 
yield  of  6541  megatons.  All  weapons  are  assumed  to  be  surface 
burst  with  a  fission  fraction  of  0.5.  The  full  attack  is 
called  Attack  A. 


Attack  B  is  used  against  only  "counterforce"  targets  and 
consists  of  the  following  weapons  selected  from  Attack  A: 


Yield 
1  Megaton 
20  Megatons 
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Number  of  Weapons 
50 
126 


Attack  B  consists  of  176  weapons  with  a  total  yield  of 
2570  megatons.  The  1  megaton  weapons  are  primarily  used 
against  airfields  and  the  20  megaton  weapons  are  all  used 
against  missile  fields. 

In  both  Attacks  A  and  B  the  126  twenty  megaton  weapons 
used  against  missile  fields  are  an  artifice.  A  single  20 
megaton  weapon  represents  20  one  megaton  weapons  targeted 
against  20  separate  launching  silos.  This  artifice  was 
introduced  when  the  attack  was  first  developed  to  avoid 
identifying  locations  of  individual  missile  silo  locations 
and,  for  computational  efficiency,  to  keep  the  total  number 
of  weapons  smaller  but  still  give  adequate  input  for  civil 
defense  damage  assessment  (as  opposed  to  adequate  damage 
assessment  for  the  strategic  delivery  forces  themselves). 

These  two  attacks  are  taken  here-  as  representative,  for 
civil  defense  purposes,  of  the  total  intensity  and  distribution 
of  weapons  in  two  strategic  war  scenarios  often  used  in  defense 
planning.  The  total  yield  of  Attack  A  is  compatible  with  SALT 
II  limitations.  If  the  reader  wishes  to  modify  certain  assump¬ 
tions,  for  example  the  weapon  fission  fractions  or  heights  of 
burst,  this  can  be  done  by  modifying  the  interpretation  of  the 
dose  ranges.  In  most  locations  the  doses  due  to  attacks  on 
missile  fields  are  Identifiable  and  separable  from  those  due 
to  attacks  on  cities  and  separate  modifications  can  be  made 
for  these  two  types  of  weapons.  Finally,  since  the  resolution 
of  the  fallout  patterns  is  ten  miles  square  and  since  the 
fallout  pattern  covers  large  areas,  the  patterns  obtained  are 
insensitive  to  the  details  of  attack  within  cities.  Thus, 
whether  industry  or  population  is  the  principle  intended 
victim  of  an  attack  upon  a  particular  city  should  have  an 
insignificant  effect  upon  'che  overall  result.  For  the 
remainder  of  this  chapter  the  attack  will  be  taken  as  a 
given  phenomena,  and  the  distribution  of  the  weapons  will  be 
the  subject  of  study. 
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A  map  of  the  weapon  locations  for  Attack  A  is  presented 
in  Figure  IV-1  (this  map  is  on  the  same  scale  as  the  fallout 
maps  in  the  appendices).  The  figures  on  the  map  give  the 
total  yield  for  all  weapons  in  a  ten  mile  square  (which  is  the 
resolution  of  the  map).  The  numerals  1  through  9  indicate 
yields  of  the  same  values;  the  letters  have  values  as  follows: 

Letter  Yield  Range,  Megatons 
A  10-19 

B  20-29 

C  30-39 

D  40-49 

E  50-59 


The  clusters  of  B's  on  the  map  are  the  20  megaton  weapons 
detonated  on  the  missile  fields.  Immediately  evident  are  the 
clusters  of  weapons  over  large  urban  areas.  Another  imme¬ 
diate  feature  is  the  higher  density  of  individual  weapons  or 
small  weapon  concentrations  in  the  Eastern  portion  of  the 
county  as  compared  to  the  Western  portion.  Most  points  in 
the  East  are  within,  say,  50  miles  of  a  weapon  detonation, 
while  large  stretches  of  the  West  have  no  weapons  within  one 
or  two  hundred  miles. 

In  Figure  IV-2  weapon  locations  are  presented  for  Attack 
B.  Here  one  sees  9  clusters  of  20  megaton  weapons  on  the 
missile  fields  and  a  rather  wide  dispersion  of  the  one  megaton 
weapons.  Clearly  in  this  attack  the  fallout  patterns  will  be 
dominated  by  the  winds  from  the  missile  fields. 

A  somewhat  different  method  of  presenting  Attack  A  Is 
given  in  Figure  IV-3.  Here  the  weapons  are  grouped  Into 
clusters  and  the  total  yield  In  each  cluster  Is  given.  The 
clustering,  in  general,  associates  together  all  weapons  which 
are  linked  by  having  the  two  psi  blast  overpressure  contours 
from  adjacent  weapons  crossing.  A  different  cluster  is 
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Figure  IV- 1 .  MAP  OF  WEAPON  LOCATIONS  FOR  A 
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defined  for  each  urbanized  area,  even  if  the  two  psi  contours 
cross  some  weapons  from  adjacent  urbanized  areas.  A  plus  sign 
on  the  map  indicates  the  ten  mile  square  which  contains  the 
centroid  of  the  cluster,  while  the  yield  of  the  cluster  is 
given  to  the  right  of  it.  In  a  few  cases  there  are  adjacent 
clusters.  The  yield  given  is  the  yield  of  the  Eastern  most 
cluster,  the  yield  of  the  Western  most  cluster  is  not  presented. 

In  Figure  IV-4  the  cluster  locations  for  Attack  B  are 
presented.  Again  the  predominance  of  the  large  yields  deliv¬ 
ered  to  the  missile  fields,  compared  with  any  other  elements 
of  the  attack,  is  evident. 

B.  DEPICTION 

The  mass  of  detail  in  Figures  IV-1  through  IV-4  is 
difficult  to  follow  and,  from  the  fallout  maps  in  the  Appendices, 
seems  to  have  more  detail  than  is  really  necessary  to 
adequately  define  the  patterns.  A  defocusing  of  these 
detailed  pictures  might  allow  more  ready  comprehension.  A 
method  of  accomplishing  this  is  to  compute  smoothed  weapon 
densities  on  a  grid  of  monitor  points  and  plot  weapon  density 
contours  using  these  points. 

Consider  a  monitor  point  P,  one  element  of  a  grid.  Let 
be  the  distance  of  the  L'th  weapon  from  the  monitor  point  P, 
and  let  be  the  yield  of  that  weapon.  Then  the  density  at 
P,  D  (P),  is  defined  as 


y,  e-(Ri2/2°2) 

D  (P)  *£  - - - 

i  2ira 

where : 


the  summation  is  taken  over  all  weapons,  and 
a  is  a  constant  defining  how  rapidly  weapon 
influence  diminishes  with  distance. 
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For  example,  suppose  a  is  100  miles.  A  weapon  at  the  monitor 
point  might  he  given  relative  weight  1.  Compared  to  this 
weapon  a  weapon  at  a  50  mile  distance  would  have  a  relative 
weight  of  0.88,  at  100  miles  at  relative  weight  of  .60,  at 
150  miles  of  a  relative  weight  of  0.32,  at  200  miles  a  relative 
weight  of  0.13,  and  at  300  milts  a  relative  weight  of  0.01. 

2 

The  sum  is  normalized  by  the  normalization  factor  2 ira 

so  that  if  each  square  mile  had  a  weapon  of  1  megaton  yield, 

2 

the  density  computed  would  be  1  MT/mile  . 

Figure  IV-5  shows  weapon  density  contours  with  a  equal  to 
100  miles  for  Attack  A  for  the  same  area  as  covered  by'  the 
fallout  maps  in  the  Appendices.  The  contours  were  generated 
by  computing  weapon  densities  at  the  intersections  of  a  20  x  30 
grid  of  monitor  points,  with  the  grid  spacing  100  miles,  and 
drawing  contours  at  various  density  intervals.  The  contour  values 
give  weapon  densities  in  kilotons  of  total  yield  per  square  mile. 

In  Figure  IV-6  the  attack  on  the  missile  fields  is  imme¬ 
diately  evident,  producing  peak  weapon  densities,  with  this 

2 

weighting,  of  6  kilotons/mile  .  The  attacks  on  San  Francisco 

2 

and  Los  Angeles  produce  a  single  2  kiloton/mile  contour 

covering  both  cities.  The  peak  weapon  density  at  San  Francisco 

2  2 
is  3  kilotons/mile  and  at  Los  Angeles  5  kilotons/mile  . 

The  Washington-New  York-Bosto.n  corridor  on  the  East  Coast  is 

completely  covered  by  high  weapon  densities;  the  pattern 

extends  Westward  at  somewhat  lower  intensities  but  is  still 

2 

over  3  kilotons/mile  as  far  west  as  Chicago. 

The  features  of  the  attack  are  defocused  still  more 
where  weapon  density  contours  for  the  full  attack  are  presented 
for  a  value  of  sigma  of  200  miles.  Here  the  attack  features 
merge  into  several  fairly  smooth  areas  of  high  density  in  the 
San  Francisco  area,  in  the  Western  missile  fields  and  in  the 
Northeast.  Some  former  separated  peaks  have  been  eroded  into 
spurs  of  larger  high  density  regions.  The  peak  density  in 
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Figure  I V - 5 . 
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SIGMA  OF  200  MILES. 


2 

the  Northeast  has  decreased  from  9  kilctons/mile  to  3.5 

2 

kilotons/mile  .  A  decrease  in  peak  density  is  to  be  expected 
as  sigma  is  increased,  since  the  density  is  dispersed  further 
out . 


In  Figure  IV-7  the  weapon  density  is  computed  using  a 
different  weighting  function.  Here  the  density  is  computed  by 


D  (P)  =£ 
i 


Yi  e 


-(R^/a) 


2Tra‘ 


The  normalization  factor  still  gives  unit  density  of  the  plane 
uniformly  covered  by  weapons  with  1  megaton  of  yield  in  each 
square  mile.  The  exponential  weighting  of  this  formula, 
compared  with  the  Gaussian  weighting  of  the  previous  formula, 
gives  less  weight  to  weapons  out  to  a  distance  of  R/a  approx¬ 
imately  2,  and  greater  weight  to  more  distant  weapons.  The 
normalizat ion  factor  has  the  same  value  for  the  two  weightings. 
The  value  of  a  used  in  Figure  IV-7  is  200  miles.  The  figures 
show  that  the  type  of  weighting  factor  gives  still  more 
aefocusing  of  the  weapon  pattern  and  a  slower  descent  in 
weapon  density  from  the  peaks. 

Figure  IV-8  shows  weapon  densities  for  the  counterforce 
only  attack  with  exponential  weighting  and  sigma  of  200  miles. 
Here  the  peak  due  to  the  missile  field  is  the  main  feature 

2 

showing.  This  peak  3s  fairly  regular  at  the  2.0  klloton/mlle 

level,  but  shows  spurs  due  to  other  missile  fields  at  lower 

levels.  The  isolated  one  megaton  weapons  which  are  also  in 

the  attack  will  contribute  a  peak  density  of  only  0.004  kilo- 
2 

tons/mile  with  this  weighting  and  would  not  be  noticed  on 
this  presentation. 

Since  fallout  is  blown  downwind,  it  would  be  interesting 
to  determine  the  effect  of  having  weapons  in  the  upwind  direc¬ 
tion  from  a  monitor  point  receiving  more  weight  than  weapons 
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Figure  IV- 7 .  WEAPON  DENSITY  CONTOURS  FOR  ATTACK  A 
AND  SIGMA  OF  200  MILES. 
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in  the  downwind  direction.  This  was  achieved  by  making  o  a 
function  of  direction.  Since  the  wind  blows  predominately 
from  West  to  East,  the  value  of  a  should  be  larger  in  the 
westerly  direction.  Contours  of  constant  sigma  were  taken  to 
be  ellipses  with  the  monitor  point  at  the  downwind  focus  of 
the  ellipse.  The  normalization  factor  was  computed  numerically 
to  ensure  a  one  megaton  weapon  density  when  the  weapons  are 
uniformly  dispersed  with  one  megaton  in  each  square  mile1  . 

Figure  IV-9  shows  weapon  density  contours  with  Gaussian 
weighting  for  Attack  A  with  semi  major  and  semi  minor  axis  of 
the  ellipse  of  200  and  100  miles.  The  width  of  a  single 
pattern  is  usually  small  compared  to  its  length,  which  would 
mean  that  the  semi  minor  axis  of  the  weighting  ellipse  should 
be  small  compared  to  the  semi  major  axis.  However  winds  are 
quite  likely  over  an  angle  of,  say,  plus  or  minus  45  degrees 
from  due  West.  To  reflect  this  wind  variability  and  to 
attempt  to  define  the  fallout  risk  the  semi  minor  axis  is 
taken  as  one  half  the  semi  major  axis  in  the  example  shown. 

The  complexity  of  the  contours  is  intermediate  between  those 
of  centered  contour  with  sigmas  of  100  and  200  miles.  An 
inspection  of  the  patterns  in  the  Appendices  and  Chapter  II 
shows  pattern  lengths  for  the  high  intensity  part  of  the 
contour  of  several  hundred  miles,  and  of  significant  doses  of 
possibly  1000  miles.  Figure  IV-10  shows  density  contours  with 
the  same  weighting  but  for  semi  major  and  semi  minor  axis 
tv, ice  as  large,  namely  400  and  200  miles.  Here,  not  only 
significant  smoothing,  but  also  significant  translation  of 
features  of  the  pattern  downwind  Is  observed. 

A  still  further  smoothing  is  observed  in  Figure  TV-11 
which  has  the  same  elliptical  weighting  factor  as  the  previous 

!For  the  cases  considered  the  normalization  factor  was  not  too  far  from 
2-rab,  where  a  is  the  semi  major  and  b  the  semi  minor  axis  of  the  ellipse. 
Of  course  when  a-*b,  the  a-rj  and  b-*j  and  one  would  expect  the  normalization 
constant  to  approach  2TTa^ . 
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Figure,  but  has  exponential  weighting.  In  this  Figure  a  good 
portion  of  the  high  density  contours  along  the  Eastern  sea¬ 
board  are  displaced  out  of  the  picture. 

Figure  IV-12  shows  density  contours  for  Attack  B  with 
elliptical  exponential  weighting,  and  semi  major  and  semi 
minor  axis  of  400  and  200  miles.  The  density  contours  clearly 
identify  what  could  be  considered  as  risk  contours  extending 
across  most  of  the  county. 

Attack  B  has  a  total  yield  of  2570  megaton.  The  total 
area  covered  by  the  600  grid  squares  of  dimension  100  x  100 
miles  is  6  x  10^  square  miles.  The  average  yield,  if  spread 

*3  £ 

uniformly  over  the  analysis  grid,  is  2570  x  10J/6  x  10  =  0.428 

2 

kilotons/mile  .  If  the  yield  densities  for  the  case  with 
Gaussian  weighting  and  a  sigma  o.f  200  are  summed  over  all  grid 
points  (using  yields  in  kilotons),  a  value  of  255.8  is 
obtained.  Dividing  this  by  the  number  of  grid  points,  600, 
gives  an  average  yield  per  grid  point  of  0.426  kilotons/mile  . 
The  good  agreement  of  this  number  with  the  average  yield 
spread  over  the  area  of  0.428  indicates  that  the  summing 
procedure  is  an  adequate  integrator  of  total  yield  and  that 
not  much  effect  is  lost  outside  of  the  boundry  of  the 
summing. 

The  total  yield  for  Attack  A  is  6541  megaton,  yielding 

2 

an  average  yield  over  the  area  of  1.09  kilotons/mile  .  For' 

the  Gaussian  weighting  with  sigma  of  200,  the  average  value 

2 

of  the  density  sums  is  1.035  kilotons/mile  .  This  lesser 
value  indicates  that  for  this  attack,  with  more  weapons  near 
the  boundry,  and  with  the  relatively  large  value  of  sigma, 
about  5  percent  of  the  yield  is  lost  beyond  the  grid. 

The  area  of  the  continental  United  States  is  3  x  10^ 

2 

mile  ,  half  of  the  area  of  the  grid.  Thus  average  weapon 
densities  over  the  continental  United  States,  where  all  the 
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weapons  land,  are  twice  those  for  the  grid.  These  average 

2 

densities  are  2.18  kilotons/mile  for  Attack  A  and  0 . 8 56 
2 

kilotons/mile  for  Attack  B. 

For  the  elliptically  weighted  weapons  some  of  the  weapon 
density  will  be  displaced  out  of  the  grid  area.  This  can  be 
considered  as  equivalent  to  having  some  of  the  fallout  blown 
away  from  the  United  States.  The  fractions  of  density  lost 
give  an  estimate  of  the  fraction  of  the  fallout  which  is  blown 
away  from  the  United  States  into  the  ocean.  The  fraction  lost 
is  composed  of  two  parts,  that  outside  of  the  grid  area  (which 
is  almost  all  displaced  from  the  Eastern  edge  of  the  grid),  and 
that  between  the  Eastern  seaboard  of  the  United  States  and  the 
Eastern  edge  of  the  grid.  The  following  ^able  presents  the 
fractions  lost  for  four  cases. 


Types  of 
Weighting 

Ell  ipse, Semi  Major 
and  Semi  Minor  Axis 

Percent  out 
of  Grid 

Percent  from 
Seaboard  to 
Grid 

Total  Percent 
Lost 

Exponential 

200,100 

15.8 

8.3 

24.1 

Gaussian 

200,100 

6.1 

8.6 

14.7 

Exponential 

400,200 

32.2 

8.6 

40.8 

Gaussian 

.  400,200 

18.7 

9.8 

28.5 

From  the  Table  one  could  estimate  that  on  the  average 
from  15  to  40  percent  of  the  fallout  generated  is  ineffective 
because  it  is  blown  over  the  Eastern  seaboard  due  to  the 
prevailing  winds.  Since  the  smaller  ellipses,  with  200  miles 
semi  major  axis,  probably  represent  the  fallout  deposition 
better,  the  percent  of  fallout  blown  eastward  to  the  ocean 
might  best  be  estimated  at  about  20  to  25  percent. 

In  the  previous  weapon  density  contour,  the  ellipse  semi 
minor  axis  has  been  kept  small  to  large  to  represent  risk  which 
might  come  from  winds  over  a  variety  of  angles.  If  a  small 
semi  minor  axis  were  chosen,  the  contours  could  be  considered 
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to  represent  a  single  wind.  Since  the  ellipses  are  always 
oriented  along  the  x  axis  in  the  ten  mile  grid  used  for  the 
maps,  the  wind  represented  would  be  a  wind  everywhere  blowing 
from  West  to  East  (since  the  East-West  direction  on  the  map 
changes  due  to  the  map  projection,  the  wind  is  actually  blowing 
East  by  North  at  the  left  end  of  the  map  and  East  by  South  at 
the  right  end  of  the  map).  Figure  IV-13  shows  weapon  density 
contours  with  elliptical  Gaussian  weighting  for  a  semi  major 
axis  of  400  miles  and  a  semi  minor  axis  of  40  miles.  .This 
might  be  representative  of  a  high  wind  speed,  low  wind  shear 
condition.  The  fallout  winds  for  March  are  most  nearly  in  a 
due  West  to  East  direction.  These  density  contours  show  many 
of  the  same  general  features  as  the  fallout  map  for  March 
for  Attack  A  (see  Appendix  A).  The  length  and  widths  of  the 
high  intensity  region  match  rather  well,  but  the  density 
contours  are  more  extended  in  the  low  intensity  regions. 

Figure  IV-14  had  elliptical  Gaussian  weighting  for  a  semi-major 
axis  of  200  miles,  and  retaining  a  semi  minor  axis  of  40  miles. 
Here  the  contours  appear  to  better  represent  the  low  density 
region.  To  try  to  achieve  a  better  match  efforts  could  be 
made  to  adjust  the  weighting  factors  based  on  the  dose  distance 
relations  presented  in  Chapter  II.  Such  an  effort,  however, 
would  eventually  lead  to  a  new  fallout  model  which  attempts  to 
duplicate  the  WSEG-10  model  results.  If  very  significant 
improvement  in  some  model  features  could  be  expected  from  this 
course,  such  an  effort  might  be  desirable.  Mo  such  improvement 
is  foreseen,  so  the  use  of  this  weighting  procedure  is  ximited 
here  to  the  examples  already  presented  of  different  ways  to 
illustrate  some  of  the  features  of  the  attack. 
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CHAPTER  V 
THE  RESULTS 

A.  PRESENTATION  OF  FALLOUT  MAPS 

The  fallout  doses  in  this  report  were  produced  by  the 
GUISTO  fallout  damage  assessment  program  [Ref.  5]  using  the 
WSEG-10  fallout  model  described  in  Chapter  II.  The  WSEG-10 
maximum  biological  dose  is  given  here;  this  is  the  maximum 
dose  obtained  assuming  10  percent  of  the  dose  is  irreparable 
and  90  percent  of  the  dose  is  repairable  with  a  repair  constant 
of  one  month.  It  is  almost  the  same  as  the  total  dose  accu¬ 
mulated  in  four  days  assuming  the  total  dose  is  irreparable. 

This  GUISTO  program  computes  fallout  doses  on  a  10  mile 
rectangular  grid  covering  the  Continental  United  States.  The 
grid  is  a  rectangular  grid  in  a  plain  which  is  an  Albers  Equal 
Area  projection  of  the  United  States.  Thus  a  map  of  the  -United 
States  which  would  overlay  the  grid  would  be  a  familiar  Albers 
Equal  Area  Projection  Map.  The  grid  has  178  squares  in  the 
North-South  direction  and  289  in  the  East-West  direction.  The 
latitudes  and  longitudes  of  the  corners  of  the  grid  are  23-35 
and  119.33  degrees,  98.18  and  128.22  degrees,  48.07  and  65.28 
degrees,  and  23.27  and  74.30  degrees. 

Figure  V-l  is  a  state  outline  map  of  the  United  States  (an 
Albers  Equal  Area  Projection);  Figure  V-2  is  a  map  of  all  the 
urbanized  areas  in  the  United  States  prepared  by  the  same  plotting 
program  as  that  which  produced  the  fallout  doses.  Figure  V-l 
also  is  provided  as  a  plastic  overlay  to  assist  in  finding  dose 
levels  at  specific  locations  from  the  fallout  maps  in  the 
appendices . 
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UNITED  STATES  WITH  AN  ALBERS  EQUAL  AREA  PROJECTION. 
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Two  types  of  plots  are  presented,  accenting  doses  at 
different  levels.  For  the  low  level  plots  in  Anpendix  B  for 
Attack  A  and  Appendix  D  for  Attack  B,  the  following  Table 
indicates  the  dose  level,  in  Roentgens,  associated  with  each 
character  plotted. 


Blank 

Dose 

< 

0.1 

• 

0.1 

< 

Dose 

< 

0.3 

+ 

0.3 

< 

Dose 

< 

1 

1 

1 

< 

Dose 

< 

3 

2 

3 

< 

Dose 

< 

10 

3 

10 

< 

Dose 

< 

30 

4 

30 

< 

Dose 

< 

100 

5 

100 

< 

Dose 

< 

300 

6 

300 

< 

Dose 

< 

1  ,000 

7 

1  ,000 

< 

Dose 

< 

3,000 

8 

3,000 

< 

Dose 

< 

10,000 

9 

10,000 

< 

Dose 

< 

30,000 

0 

30,000 

< 

Dose 

This  set  cf 

plotting  characters 

enables 

the  dose  to  be 

determined  within 

a  factor  of  about 

3 

.  The 

second  type  of 

is  in  Appendix  A  for  Attack  A  and  Appendix  C  for  Attack  B 
accenting  a  higher  dose  range  as  given  by  the  following  table: 


Blank 

+ 

A 

B 

C 

D 

E 


Dose  <  500 
500  £  Dose  <  1 , 000 
1  , 000  £  Dose  <  2 , 500 
2 , 500  <  Dose  <  5 , 000 
5 ,000  £  Dose  <  10, 000 
1 0 , 000  £  Dose  <  30 , 000 
30,000  <  Dose 


Various  factors  not  considered  in  this  analysis  could 
reduce  the  dose  levels  below  those  predicted.  These  would 
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include  terrain  shielding,  weathering  of  fallout  particles,  the 
influence  of  trees  and  buildings,  small  (but  not  zero)  heights 
of  burst,  and  enemy  selection  of  small  (but  not  zero)  heights 
of  burst  to  simplify  attack  planning.  On  the  other  hand  a 
fission  fraction  of  0.5  is  assumed,  while  values  much  closer 
to  one  are  possible. 

The  reader  should  place  his  own  estimate  of  the  importance 
of  those  factors  before  Interpreting  the  significance  of  the 
various  dose  levels.  For  example,  if  it  is  thought  that  the 
presented  levels  represent  a  best  guess,  then  the  following 
interpretation  could  be  used.  In  this  interpretation  100 
Roentgens  is  taken  as  the  onset  level  for  sickness.  The 
likelihood  of  sickness  increases  to  one  with  doses  of  300  Roent¬ 
gens.  Three  hundred  Roentgens  is  taken  as  the  onset  level  of 
death  with  the  likelihood  of  death  increasing  to  one  at  600 
Roentgens.  Even  with  no  shelter,  a  protection  factor  of  2  is 
assumed  due  to  terrain  irregularities.  Home  shelter,  even  with¬ 
out  basements,  is  assigned  a  protection  factor  of  5,  witn 
basements  of  10,  Fallout  Shelter  Survey  (NFSS)  shelter  is  given 
a  protection  factor  of  Ac,  high  grade  shelter  a  protection 
factor  of  100,  and  very  high  grade  shelter  a  protection  factor 
of  at  least  500. 

Blank  No  fatalities.  Sickness  possible  without 

shelter.  Home  shelter  is  adequate  to  prevent 
sickness. 

+  Sickness  likely  without  shelter,  fatalities 

possible.  Home  shelter  is  adequate  to  prevent 
fatalities  but  sickness  possible  without  base¬ 
ments.  NFSS  shelter  aGequate. 

A  Death  almost  certain  without  shelter  and  likely 

in  home  shelter  without  basement.  Sickness 
almost  certain  in  home  shelters  without  base¬ 
ments,  possible  in  home  shelters  with  basements. 
NFSS  shelter  adequate. 

B  Death  almost  certain  in  home  shelters  without 

basements,  likely  with  basements.  NFSS  shelter 
adequate . 
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Death  certain  in  home  shelter.  Sickness  likely 
in  NFSS  shelter,  but  not  death.  High  grade  shelter 
adequate. 

0  Death  likely  in  NFSS  shelter,  and  sickness  likely 
in  high  grade  shelter.  Very  high  grade  shelter 
adequate . 

E  Death  certain  in  NFSS  shelter,  sickness  likely  in 
high  grade  shelter.  Very  high  grade  shelter 
adequate . 


B.  COMBINED  STATISTICS 

This  section  presents  statistics  for  all  twelve  months 
combined.  Although  a  sample  of  12  is  not  large  for  reducing 
statistical  fluctuations  to  a  low  value,  this  sample  appears 
to  give  generally  regular  appearing  results  and  is  adequate  to 
show  gross  trends. 

The  mean  doses  for  the  full  attack.  Attack  A,  are  shown 
in  Figure  V-3  and  for  the  counterforce  attack.  Attack  B,  in 
Figure  7-4.  These  maps  are  presented  to  the  same  scale  as  the 
individual  fallout  plots  in  the  appendices.  The  mesh  square 
numbers,  in  tens,  are  indicated  along  the  side  of  the  plots. 

The  contours  were  produced  through  an  averaging  process  over 
a  mesh  with  a  100  mile  spacing.  For  each  square  of  the  mesh, 
all  doses  for  each  of  the  100  ten-by-ten-mile-squares,  and 
for  each  month  of  the  year,  were  added  together  and  divided 
by  the  number  of  values  added  (i.e.,  1200  except  at  the 
boundry  of  the  mesh) .  The  values  for  each  square  were 
plotted  et  the  lower  left  hand  corner  of  the  mesh.  Then 
smooth  contour  lines  were  drawn.  This  process  causes  an 
effective  displacement  of  the  contours  50  miles  to  the  South 
and  to  the  West  of  the  center  of  the  square  which  normally 
would  be  the  point  chosen.  This  may  be  adjusted  by  displacement 
of  these  maps  slightly  from  other  presentations  given  in  this 
study.  The  contour  intervals  are  the  same  as  in  the  high 
level  monthly  fallout  plots  except  that  a  100  Roentgen  contour 
is  added  at  the  lowest  end. 
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Figure  V-3.  MEAN  BIOLOGICAL  DOSES 


.  DOSES  FOR  ATTACK  A 


MEAN  BIOLOGICAL  DOSES  FOR  ATTACK  B. 
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In  Figure  V-4  the  primary  feature  is  obviously  the  attack 
on  the  individual  missile  fields.  At  the  5000  Roentgen  level 
and  above,  the  shapes  are  dominated  by  the  attack  pattern  on  a 
particular  field,  but  at  the  lower  levels,  say  1000  Roentgen, 
the  interactions  between  the  various  fields  produce  more 
complex  geometrys.  The  effect  of  the  generally  West  to  East 
winds  is  shown  by  the  general  displacement  downwind  of  the 
contours,  however,  the  contours  generally  flow  downwind  over 
a  rather  wide  angle. 

The  contours  in  Figure  V-4  show  a  surprising  degree  of 
smoothness,  although  the  fluctuation  of  some  contours,  e.g., 
the  downwind  500  Roentgen  contour  between  Morth-South  distance 
values  of  50G  to  1500  miles,  is  probably  due  to  the  particular 
sample  of  winds  drawn.  Due  to  the  averaging  process  over  the 
100  mile  grids,  the  hot  spots  from  individual  weapons  do  not 
appear.  Deleting  the  averaging  to  include  these  hot  spots 
would  give  a  much  mere  mottled  and  difficult  to  interpret  set 
of  contours.  The  plot  for  the  full  attack  shows  the  same 
general  features  as  for  the  missile  fields,  with  the  addition 
of  the  contributions  to  the  attack  on  large  urban  areas,  and 
the  general  increase  in  background  levels  from  individual 
weapons  spread  across  the  country.  The  principal  feature 
added  by  these  contours  is  the  high  intensity  ridge  in  the 
Eastern  part  of  the  country  which  peaks  along  the  Washington- 
Boston  corridor  and  extends  Westward  to  Chicago.  Added  to 
that  are  individual  concentrations  for  other  heavily  attacked 
areas,  e.g.,  San  Francisco,  Los  Angeles,  and  Houston. 

The  standard  deviation  of  the  dose  about  the  mean  value 
was  also  computed.  Due  to  the  variability  of  the  doses  these 
standard  deviations  were  large,  almost  always  greater  than  the 
value  of  the  mean  dose.  Because  of  these  large  values  a 
different  means  of  representing  the  dose  variability,  i.e. 
histograms,  was  chosen. 
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Figure  V-5  shows  nationwide  histograms  of  biological  doses  ^ 
for  Attack  A,  and  Figure  V-6  shows  histogram  for  Attack  B. 

The  dose  intervals  used  are  the  same  as  for  the  high  range  <* 
fallout  plots  as  given  earlier  in  this  Chapter.  The  ordinate 
represents  the  percentage  of  time  a  dose  falls  in  the  irfte^val 
represented.  The  values  are  all  values  for  all  months  in  the 
same  100  x  100  mile  squares  used  for  computing  mean  doses. 

To  keep  the  number  of  histograms  presented  fairly®  small,  they 
are  presented  only  for  every  fourth  100  mile  square  in  the 
East-West  direction,  and  every  third  square  in  the  North-South 
direction.  The  coordinates  of  the  square  for  which  the  histogram 
is  presented  is  given  by  the  coordinates  of  the  lower  left  hand 
corner  of  the  histogram.  Thus, ^ for  example,  the  lower  left 
histogram  represents  all  events  in  the  square  from  0  to  100 
miles  in  both  the  North-South  and  East-West  directions.  The 
histogram  illustrates  the  variability  in  fallout  doses  which 
may  be  expected,  and  the  different  types  of  risk  exposure. 

Both  unimodel  and  bimodel  distribution  are  observed  and 
distributions  either  spread  or  not  spread  over  a  range  of 
values . 

Figure  V-7  shows  histograms  for  all  100  mile  squares  in 
the  Northeast  for  Attack  A.  Some  of  the  histograms  repeat 
those  presented  in  Figure  V-5,  for  example,  histograms  with 
coordinates  24  and  9  are  presented  on  both  Figures.  To  assist 
in  identifying  positions,  the  locations  of  some  cities  in 
the  Northeast  are  given.  For  example,  Washington,  D.C.  is 
located  near  the  South-Western  corner  of  the  square  with 
coordinates  24,  10.  The  high  values  of  mean  dose  exhibited 
in  Figure  V-3  for  the  Northeast  corridor  is  reflected  here 
in  the  high  chance  of  high  exposure  ranges  shown  in  the 
histograms  for  this  region. 
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Figure  V- 7.  HISTOGRAMS  OF  BIOLOGICAL  DOSES  FOR  THE  NORTHEAST  FOR  ATTACK 


Another  way  of  illustrating  the  risk  is  through  contour 
maps  where  the  contours  represent  the  chance  that  doses  are 
in  a  certain  range.  Figure  V-8  presents  contours  of  the 
probability  that  the  dose  is  less  than  500  Roentgens  for 
Attack  A  and  Figure  V- 9  presents  comparable  contours  for 
Attack  B.  The  intervals  are  0  to  10  percent,  10  to  30  percent, 
30  to  50  percent,  50  to  70  percent  and  over  90  percent.  The 
regions  on  the  map  between  contour  lines  are  indicated  by  the 
change  at  the  lower  end  of  the  range,  for  example,  an  arrow 
crossing  a  contour  line  labeled  50  indicated  the  contour  is 
the  boundary  between  the  30  to  50  percent  region  and  the  50 
to  70  percent  region,  and  the  head  of  the  arrow  is  in  the 
latter  region.  The  changes  are  averaged  over  100  mile  squares 
as  done  for  the  mean  doses.  These  chances  are  the  same  as  the 
chances  of  being  at  the  lowest  level  as  presented  in  the 
histograms.  The  contours  run  in  the  opposite  direction  as 
for  the  mean  doses.  Here  a  ridge  represents  a  high  chance  of 
low  dose  level,  i,e.,  a  safer  region,  where  for  the  mean  dose 
a  riige  indicates  a  high  mean  dose  level,  i.c.,  a  less  safe 
region.  The  ridge  of  mean  doses  over1  5000  Roentgens  for  the 
Northeast  seen  in  Figure  V-,3  corresponds  to  small  chances 
(less  than  10  percent)  of  doses  under  500  Roentgen. 

In  Figures  V-10  and  V-ll  similar  contours  are  presented 
for  Attacks  A  and  B  except  that  here  the  critical  dose  level 
is  raised  to  2500  Roentgens.  These  are  the  regions  denoted 
by  Blank,  +  and  A  on  the  fallout  maps  of  the  Appendices.  The 
previous  contours  indicate  the  chance  chat  minimal  fallout 
protection  will  be  adequate,  while  these  indicate  the  chance 
that  less  than  National  Fallout  Shelter  Survey  standards  will 
be  adequate. 
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Figure  V-8.  CONTOURS  OF  LIKELIHOOD  OF  DOSE  BE  I! 
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Figure  V- 9.  CONTOURS  OF  LIKELIHOOD  OF  DOSE  BE  I 
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Figure  V-10.  CONTOURS  OF  LIKELIHOOD  OF  DOSE  BEING  BE1 
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FALLOUT  MAkS  FOR  ATTACK  A  (FULL  ATTACK) 
IN  THE  HIGH  DOSE  RANGE 


Figures  A-l  through  A-12  present  maps  of  biological  fall¬ 
out  dose  deposition  for  Attack  A  (the  full  attack)  for  each 
month  of  the  year.  The  dose  ranges  chosen  emphasize  sheltering 
requirements.  The  symbol  definitions  are: 
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FULL  ATTACK,  LOW  DOSE  RANGE 
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FALLOUT  MAPS  FOR  ATTACK  A  (FULL  ATTACK) 

IN  THE  LOW  DOSE  RANGE 

Figures  B-l  through  B-12  present  maps  of  biological  fall¬ 
out  dose  deposition  for  attack  A  (the  full  attack)  for  each 
month  of  the  year.  The  dose  ranges  chosen  allow  estimating  dose 
level  within  a  factor  of  about  3.  The  symbol  definitions  are: 
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FALLOUT  MAPS  FOR  ATTACK  B  (COUNTERFORCE  ATTACK) 
IN  THE  HIGH  DOSE  RANGE 


Figures  C-l  through  C-12  present  maps  of  biological  fall¬ 
out  dose  deposition  for  attack  B  (the  counterforce  attack)  for 
each  month  of  the  year.  The  dose  ranges  chosen  emphasize 
sheltering  requirements.  The  symbol  definitions  are: 
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FALLOUT  MAPS  FOR  ATTACK  B  (COl'NTEKFORCE  ATTACK) 

IN  THE  LOW  DOSE  RANGE 

Figures  0-1  through  D-12  present  maps  of  biological  fall¬ 
out  dose  deposition  for  attack  R  (the  counterforce  attack)  for 
each  month  of  the  year.  The  dose  ranges  chosen  allows 
estimating  dose  levels  within  a  factor  of  about  three.  The 
symbol  definitions  are: 
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A  Study  of  'wenty-Four  Nationwide  Fallout 
Patterns  from  Twe!ve  Winds,  'IDA  ojoer  P-1604) 
by  Leo  A.  Schmidt,  Unclassi ‘i ed ,  Institute  for 
Defense  Analyses.  SeDtember  1981,  344  oaoes 
[Contract  FEMA  EMW-D-3377 ,  Work  Jnit  41120 

Abstract 

The  research  conducted  under  this  contract  deals 
with  an  assessment  of  fallout  deoosition  resulting 
from  two  different  types  of  attacks  on  the  conti¬ 
nental  United  States  (counterforce-only  and 
counterforce  plus  counterva 1 ue )  given  twelve 
typical  wind  oatterns--one  for  each  month  of  the 
year.  Representations  of  ‘allout  deoosition 
are  given  in  two  categories--one  accenting  higher 
dose  ranges  to  indicate  shelter  requirements  and 
the  other  accenting  luwer  dose  ranges  to  present 
the  complete  sp»ctrum  of  the  •■'allout  threat. 

The  research  is  reported  in  lescriptive  presenta¬ 
tion  of  the  model ,  the  winds,  the  attack  and  the 
resu'ts.  Appendices  present  the  fallout  deposi¬ 
tion  maps . 
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the  complete  spectrum  of  the  ‘allout  threat. 
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tion  of  the  model,  the  winds,  the  attack  and  the 
results.  Appendices  present  the  fallout  deoosi¬ 
tion  maps  . 
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